Ordovician Continental Paleogeography and Paleoenvironment for the Michigan Basin from Paleomagnetic Analysis by MacRae, Michelle
Western University 
Scholarship@Western 
Electronic Thesis and Dissertation Repository 
12-13-2017 2:00 PM 
Ordovician Continental Paleogeography and Paleoenvironment for 
the Michigan Basin from Paleomagnetic Analysis 
Michelle MacRae 
The University of Western Ontario 
Supervisor 
McCausland, Phil J.A. 
The University of Western Ontario Co-Supervisor 
Jin, Jisuo 
The University of Western Ontario 
Graduate Program in Geology 
A thesis submitted in partial fulfillment of the requirements for the degree in Master of Science 
© Michelle MacRae 2017 
Follow this and additional works at: https://ir.lib.uwo.ca/etd 
 Part of the Geology Commons, Other Earth Sciences Commons, Paleobiology Commons, and the 
Paleontology Commons 
Recommended Citation 
MacRae, Michelle, "Ordovician Continental Paleogeography and Paleoenvironment for the Michigan Basin 
from Paleomagnetic Analysis" (2017). Electronic Thesis and Dissertation Repository. 5117. 
https://ir.lib.uwo.ca/etd/5117 
This Dissertation/Thesis is brought to you for free and open access by Scholarship@Western. It has been accepted 
for inclusion in Electronic Thesis and Dissertation Repository by an authorized administrator of 
Scholarship@Western. For more information, please contact wlswadmin@uwo.ca. 
	 i	
Abstract 
This study investigates the paleomagnetic record of Paleozoic rocks from two 
Michigan basin localities in southwestern Ontario to help close the 40 myr gap in 
Paleozoic paleomagnetic data. Paleomagnetic data from the Queenston (Upper 
Ordovician) Formation consistently exhibits easily removed viscous remanence, and an 
intermediate and a high temperature component consistent with the unblocking 
temperatures of magnetite and hematite respectively. Alternating-field and thermal 
demagnetization in 16–20 steps up to 670º C typically reveal a southeastern, shallow up 
direction removed from magnetite, and a southwestern, steep up direction removed from 
hematite. A Late Paleozoic overprint was preserved in the magnetite and a possible 
Cretaceous aged overprint was recorded in the hematite. Overprints are interpreted to be 
the results of chemical remanent magnetism, likely resulting from alteration and increased 
surface weathering. Magnetite from two sites seem to have preserved Early Paleozoic 
magnetism, which may be used as target areas in future studies to potentially deliver 
primary Ordovician remanence. 
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Chapter 1.   Introduction 
1.1 Introduction 
During the Early and Middle Ordovician, the Earth was in an intense greenhouse 
state, and had an atmosphere highly enriched in CO2 (Brenchley et al., 1994; Poussart 
et al., 1999). Increased rates of tectonic activity accounted for the rapid movement, 
breakup and collision of continents (Lash, 1986; Stillman, 1988). For much of the Period 
there were four main continents: the large supercontinent Gondwana was centred at the 
South pole but extended to the equator, and the remaining continents, including 
Laurentia, the focus of this study, were dispersed in the tropical latitudes (Cocks and 
Torsvik, 2004). The highest sea levels of the Phanerozoic resulted in marine inundation 
of the continents, creating large epicontinental seas which hosted many faunas that 
diversified in multiple pulses throughout the Ordovician Period (Harper et al., 2014). 
Increased weathering and organic productivity triggered a glaciation at the end of the 
Period, accompanied by the first or five major mass extinctions in Earth’s history 
(Sheehan, 2001; Servais et al., 2009)  
The Hirnantian glaciation, which began in the final stage of the Ordovician Period, 
is thought to have caused two pulses of extinction – the first, at the onset of glaciation, 
and the other in late Hirnantian when temperatures returned to pre-glacial highs — that 
together wiped out about 50% of the marine genera on Earth (Brenchley, 2001; Finnegan 
et al., 2011; Couto et al., 2013)  
The marine faunas of Laurentia, especially the North American craton, suffered 
heavy casualties during the extinction as its equatorial position provided favourable 
conditions for warm water-dwelling faunas that ultimately could not adapt to the draining 
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of the epicontinental sea and the influx of cold glacial waters (Jin, 2001; Munnecke et al., 
2010). From Late Ordovician to early Silurian, small terranes were accreted onto the 
modern eastern margin of North America, marking the closure of the Iapetus and, 
eventually, Rheic oceans (Wilson, 1966; Rodgers, 1971; Williams, 1979; van Staal et al., 
2009). The resulting accretionary Appalachian orogen and its subsequent weathering led 
to the deposition of a large wedge of clastic sediment in eastern Laurentia, starting with 
the Taconic orogeny (Brogly et al., 1988; Ganis and Wise, 2008). 
The Michigan Basin, one of several intracratonic basins within the Laurentian 
craton is centred in the Lower Peninsula of Michigan, and extends into central and 
southwestern Ontario (Howell and Van der Pluijm, 1990).  The focus of this study, the 
Late Ordovician Queenston Formation, is part of the Taconic Clastic Wedge, and 
stretches from the Appalachian foreland basin in New York and adjacent regions to the 
Michigan Basin in Southwestern Ontario (Armstrong and Carter, 2010). The formation is 
composed of red and green hematite-rich shale and siltstone, which may preserve the 
magnetic memory of the Ordovician Period and has the potential to host suitable rock 
samples to contribute viable data points for the paleogeographic position of Laurentia 
during the Ordovician-Silurian boundary interval.  
The study of the magnetic record in rocks is known as paleomagnetism, and is one 
of the key approaches for determining the ancient paleolatitudes and relative paleo-
locations of the continents (Van der Voo, 1988). Some of the relative positions of the 
continents during the Late Paleozoic have been determined with a reasonable level of 
confidence based on paleomagnetic, paleogeographic, and paleontological data, but the 
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precise location of Laurentia from the Middle Ordovician to early Silurian has been 
interpolated in recent studies (Torsvik et al., 2012; Jin et al., 2012). 
1.2 The Ordovician Period 
The Ordovician world was vastly different from the Earth today in terms of 
paleography, climate, sea level, and biota (Cocks and Torsvik 2011). Most of the 
continents and terranes were dispersed at the equator with a single supercontinent, 
Gondwana, situated near the South pole (Van der Voo, 1988; Torsvik et al., 2012; Servais 
et al., 2009). The highest sea levels of the Phanerozoic periodically flooded the 
continents, creating large epicontinental seas that have no modern parallels. The Period 
was characterized by remarkable climate change, switching from a greenhouse climate 
that prevailed for most of the Period to an icehouse during end-Ordovician glaciation. 
Global CO2 levels were ~14-16 times higher than the present levels, the atmosphere had 
~10-15% the present atmospheric level of O2 and the sun was ~5% dimmer than it is 
today (Crowley and Baum, 1995; Crowley and Berner, 2001; Sheehan, 2001;). Tectonic 
plate movement was rapid, volcanic and magmatic activity levels were high, and both an 
evolutionary radiation and a mass extinction affected the marine life of the Period (Hallam 
and Wignall, 1999; Haq and Schutter 2008).  
1.2.1 Late Ordovician Mass Extinction 
The Early Ordovician featured a significant evolutionary radiation event, the Great 
Ordovician Biodiversification Event (GOBE) (Harper et al., 2014; Harper et al., 2015). 
During GOBE, the Earth was in a greenhouse state with high CO2 levels, a warm climate, 
increased tectonic activity and paleogeographic continent distributions that accounted for 
favourable, nutrient-enriched ecospaces that provided opportunity for escalated family, 
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species and genus level diversification (Patzkowsky et al., 1997; Munnecke et al., 2010). 
Towards the end of the Ordovician, the biodiversification suffered a major setback during 
a double-pulse mass extinction at the beginning and the end of the Hirnantian Age. This 
extinction event was the first of five major Phanerozoic extinctions and the first major 
extinction to drastically affect animal communities, eradicating ~85% of marine species 
and ~25% of families (Brenchley et al., 2001; Chen et al., 2006; Alroy et al., 2008; Harper 
et al., 2014; Bond and Grasby 2017). The extinction caused predominantly third and 
fourth level ecological changes (Table 1.1), involving disappearances and changes within 
groups and communities, as well as readjustments within existing community structures 
(Droser et al., 2000; Sheehan, 2001). A combination of processes are likely to have driven 
the extinction, most notably the combination of habitat loss in shallow water environments 
due to sea level fall and thermal stress resulting from the rapid global cooling associated 
with the glaciation (Darroch and Wagner 2015).  
The global type section for the Ordovician-Silurian boundary is in Dob’s Linn, 
Scotland, at 1.6 m above the base of the Birkhill Shale in the Linn Branch section (Rong 
et al., 2002; Rong et al., 2006; Delabroye and Vecoli, 2010). The boundary interval is 
dominated by black shale facies with graptolite zoning fossils, and exhibits a facies 
change to a regressive, coarsening upward sequence, which is associated with glaciation 
(Munnecke et al., 2010; Copper et al., 2013). Globally, in both the graptolite shale and its 
coeval carbonate and coarse clastic strata, Lazarus taxa is present in the fossil record at 
the boundary, as is an apparent rapid biodiversity recovery post-extinction, resulting in 
uncertainty surrounding the severity of the extinction (Rong and Harper, 1999; Brenchley 
et al., 2001; Rong and Cocks, 2014).  
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Table 1.1 – Droser et al., (1997) definitions of paleoecologic levels of change. The 
Ordovician–Silurian boundary extinction was characterized by third and fourth level 
changes, such as disappearances and changes at the community and type levels within 
an ecosystem. 
 
 
 
 
 
 
 
 
 
 
In the lack of reliable paleomagnetic data for the Late Ordovician-early Silurian 
time interval, paleogeographic reconstructions have relied heavily on sedimentological 
and paleontological data, especially on climate sensitive deposits (e.g. reefal carbonate, 
evaporite, glacial deposits), and faunal differentiations along paleolatitudes (Cocks and 
Fortey, 1990: Jin et al. 2012). It is useful, therefore, to understand the geological and 
paleoecological settings of the Late Ordovician–early Silurian interval for any 
paleogeographic reconstructions.   
1.2.2 - Hirnantian Glaciation 
Although the severity of the extinction is frequently disputed, the main driver of the 
extinction is less controversial: a short-lived glaciation at the end of the Hirnantian stage 
during the latest Ashgillian (Brenchley et al., 2001; Finnegan et al., 2012; Couto et al., 
2013; Harper et al., 2014; Zhou et al., 2015; Stanley, 2016). This extinction is unique, as 
other recorded glaciations have not been influential in drastically changing the history of 
Ecological Changes 
LEVEL DEFINITION 
1st Appearance or disappearance of ecosystem 
2nd Structural changes in ecosystem 
3rd Community-type level changes within ecosystem 
4th Community-level changes 
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life anywhere else during the Phanerozoic (Sheehan, 2001). During this particular 
glaciation, the uncharacteristically high percentage of species affected resulted from 
glacial onset, such that habitats were quickly destroyed with limited time for evolutionary 
accommodation (Patzkowsky and Holland, 2007).  
The Hirnantian glaciation began at the beginning of the Hirnantian stage following 
global cooling throughout the Middle and Late Ordovician and the entirety of the waxing 
and waning of ice sheets lasted ~550 kyr to 1 myr (Brenchley et al., 1994; Finnegan et 
al., 2011). The main ice cap was situated above 60ºS latitude, covering much of 
Gondwana (Figure 1.1) (Copper et al, 2013; Zhou et al., 2015). Two extinction phases 
Figure 1.1 – Late Ordovician paleogeographic reconstruction showing the extent 
of the Hirnantian ice cap cover on Gondwana by Harper and Rong (1995) and 
Rong and Harper (1998). 
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coincide with the onset and termination of glaciation, attributed to the initial sea level fall 
due to sequestering of water into glaciers, and by the subsequent sea level rise resulting 
in the stagnation of ocean circulation (Wang et al., 1997; Harper et al., 2014; Zhou et al., 
2014). Though it has been shown that climate change was the cause of the mass 
extinction, the driving force of the drastic change in climate remains widely debated to 
this day. Over the past few decades, researchers have proposed several possible climate 
change drivers, and the two with the most evidence will be briefly discussed in this 
chapter. Brenchley et al., (1994) and Zhou et al., (2015) argue a productivity hypothesis 
(Figure 1.2), where intensified thermohaline circulation from cool glacial waters mixing in 
with the stratified ocean water increased the production of CO2 at nutrient upwelling 
Figure 1.2 – Correlation between oceanic circulation and productivity during glacial 
and nonglacial times (after Sheehan, 2001). Before the glaciation, oceans were 
characterized by sluggish, stratified oligotrophic waters. During glacial intervals such 
as the Hirnantian, strong circulation drove the previously oligotrophic oceans (O) to 
become eutrophic (E). Post-glaciation, oceans returned to their previously stratified, 
oligotrophic state, however preservation of organics increased productivity.  
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zones, stimulating productivity, which in turn resulted in the atmospheric drawdown of 
pCO2 and organic burial (Luo et al., 2016).  However, evidence for extensive widespread 
upwelling and carbon burial has not yet been discovered (Armstrong, 2007). Kump et al. 
(1999) and Saltzman and Young (2005) suggest a weathering hypothesis, where silicate 
weathering of the Taconic highlands resulted in atmospheric CO2 consumption and a 
subsequent decrease in pCO2, leading to the growth of ice sheets. 
 The weathering hypothesis uses !13C carbonate curves to correlate the mass 
extinction with eustatic sea level lowstand (Delabroye and Vecoli, 2010).  Melchin and 
Holmden (2006) propose that the driving force for the 13C excursions was carbonate 
platform weathering as a response to sea level drop at the initiation of the glaciation. The 
complications with the weathering hypothesis are that ice sheets appear to have been 
restricted to the Hirnantian Stage, but if the low pCO2 was driven by the orogeny it should 
have continued into the Silurian as orogeny in the Appalachian Taconic through Acadian 
cycles did not come to an end until later in the Silurian. According to this hypothesis, the 
greenhouse effect of CO2 should have continued to decline to low values initiating more 
glaciations (Royer et al., 2004). The productivity and weathering hypotheses are among 
several proposed hypotheses to explain the reason for glaciation, however the evidence 
is incomplete and they each have complications. The cause of the glaciation may have 
been more complex than one hypothesis is able to depict, and may have been caused by 
a combination of multiple events, rather than one single, abrupt event. 
1.2.2.1 First pulse of extinction at glacial onset 
The onset of the Hirnantian glaciation, and the first pulse of associated extinction 
resulted from rapid global cooling which caused a major sea level fall of ~70-100 m (Haq 
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and Schutter, 2008; Ghienne, 2011) and is recorded at the base of the Normalograptus 
extraordinarius biozone (Chen et al., 2006; Munnecke et al, 2010). This first wave of 
extinction was caused by the loss of the habitable belt of the shelf from the fall in eustatic 
sea level, the amalgamation of paleocontinents and more restricted ventilation, 
oxygenation and circulation of oceans (Crowley and Berner, 2001; Hammarlund et al., 
2012). The competition for space drove local extinctions, as ecological niches now 
exceeded their carrying capacities. Taxa were forced to migrate seaward onto the 
crowded platform rim, forcing the new taxa to compete with the better adapted taxa that 
were already inhabiting the rim (Harper et al., 2014; Darroch and Wagner, 2015; Stanley, 
2016). The main ice cap covered Gondwana at the South Pole, and cold, oxygenated 
glacial water driven off the main ice cap would have flowed into the warm, salinity-
stratified oceans (Finnegan et al, 2012; Copper et al, 2013). The mixing of cold and warm 
water ventilated the oceans, removed phosphorus from the nutrient column, and caused 
the trophic structure to collapse (Wilde, 1991; Brenchley et al.,2001). The change from 
anoxic to ventilated oceans is recorded globally in the stratigraphic record, where there 
is a recorded change from black shales deposited during oxygen-poor oceans to grey 
shales deposited during times of oxygenation (Zhou et al., 2015). The circulation of ocean 
waters may have also accounted for the upwelling of H2S-rich waters that would have also 
disrupted the taxa (Zhang et al., 2009; Munnecke et al, 2010). The initial glacial pulse and 
consequent fall in sea level drained many of the vast epicontinental seas, eliminating 
many shallow water communities (Darroch and Wagner, 2015). During the interval 
between the first and second pulse of extinction, these communities were replaced with 
specialized cool water benthic faunas (Hirnantian fauna), that ranged from mid to high 
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latitudes and thrived in cold water conditions (Sutcliffe et al., 2001; Rong and Harper, 
2002; Zhou et al., 2015).  
1.2.2.2 Second pulse of extinction at glacial terminus 
The second pulse of mass extinction at ~444 Ma occurred at the base of the 
Normalograptus Persculptus biozone, and coincided with the decay of the Gondwana ice 
sheet and melting of glaciers (Harper et al., 2014). The end of peak glaciation resulted in 
a warming climate, accompanied by a eustatic sea level rise that flooded the 
seaways, and a return to stagnant, anoxic oceans (Darroch and Wagner, 2015). The 
causes and consequences of the different extinction pulses were unique, and therefore 
the marine organisms that survived and were unaffected by the first pulse typically 
suffered dramatic losses during the second pulse (Sheehan, 2001; Bond and Grasby, 
2017; Smolarek et al., 2017). The cold-water faunas that emerged during the glacial 
maximum also succumbed to losses during the second pulse of extinction (Stanley, 
2016). During the waning phase of glaciation, global temperatures re-equilibrated to pre-
glacial conditions, causing a rapid sea level rise and an interruption of ocean circulation, 
resulting in a second wave of extinction (Erwin, 1998). Similar to the initial glacial pulse, 
the anoxic seas are marked by a transition from oxygen-rich grey shale to anoxic black 
shale. The marine transgressions caused anoxic and sulphidic ocean water to flood 
continental shelves, causing widespread extinctions in shelfal and shallow marine 
habitats (Zhang et al., 2009; Munnecke et al, 2010). 
1.2.3 Extinction of Marine Life 
The extinction devastated marine faunas of the Late Ordovician, causing the 
extinction of 20% of families, 40% of genera and 85% of species (Brenchley et al., 2001; 
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Hammarlund et al., 2012). Shallow water dwelling taxa, particularly those inhabiting 
epicontinental seas were most effectively eradicated. In deeper water environments, 
targeted taxa included small, thin-shelled suspension feeders and widespread faunas 
with low diversity (Munnecke et al 2010). Small species that were paramount in driving 
the GOBE such as phytoplankton and zooplankton declined throughout the Late 
Ordovician. Sessile and mobile benthos experienced dramatic reductions in diversity, 
though sessile benthos were more severely affected (Droser et al., 1997; Harper et al., 
2014). Sessile brachiopods, rugose and tabulate coral suffered losses in diversity at the 
bases of both the N. extraordinarius (first pulse) and the N. persculptus (second pulse) 
biozones. (Sheehan, 2001). Mobile conodonts and trilobites, similar to the sessile benthos 
also showed a two-phase reduction in diversity. (Zhou et al, 2015). Ostracods incurred 
losses during each pulse of glaciation, and by the Ordovician–Silurian boundary 30% of 
families had disappeared. Bivalves inhabiting the nearshore environments suffered 
substantial losses, and the two dominant groups of bryozoans lost 15% of family diversity 
(Brenchley et al., 2001). 
1.2.4 Silurian Recovery 
During the Llandovery, the earliest stage of the Silurian, faunas began to 
experience recovery and re-diversification following the major mass extinction as the 
Earth gradually returned to pre-glacial warm climates (Cocks and Fortey, 1990; Huang, 
et al., 2012; Chen et al., 2014; Rong and Cocks, 2014). The ecologic recovery appears 
to have taken several million years, but the Lipps-Signor effect is present in the fossil 
record, which represents sudden diversification as a more gradual process (Sheehan, 
2001; Finnegan et al, 2012). Lazarus taxa, taxa that disappeared during the extinction 
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event and resurfaced during the early recovery intervals are also present in the fossil 
record, as well as Elvis taxa, where similar taxa to the those that became extinct during 
the Ordovician emerged in the Llandovery (Rong and Harper, 1999; Brenchley et al., 
2001; Rong et al., 2006; Rong and Cocks, 2014).  
Llandovery faunas were much less diverse than those of the Ordovician, but 
followed similar ecologic patterns as the pre-extinction faunas, and began to radiate 
during the later Llandovery and early Wenlock (Sheehan, 2001; Munnecke et al, 2010). 
The initial communities of the Llandovery were less complex and much more 
cosmopolitan than the endemic faunas of the Ordovician, but the ecological structures 
that were destroyed by the extinction were rapidly reconstituted by the middle of the 
Silurian Period (Copper et al, 2013; Copper and Jin, 2014; Bond and Grasby 2017). 
During the extinction intervals reef environments were scarce; however, they resurfaced 
and dominated during the early Llandovery. Brachiopods that had decreased their size to 
adapt to the conditions during the Ordovician survived and diversified into the Silurian 
(Brenchley et al, 2001; Munnecke et al, 2010). Trilobites lost ~50% in family diversity, but 
more specialized forms survived and diversified into the Silurian (Zhou et al, 2015). Of 
the surviving 75% of Graptolithina families, 15% of graptoloids were able to diversify and 
recover their pre-extinction diversity and abundance (Munnecke et al, 2010). By the 
middle of the Silurian, nautiloids and other Ordovician ocean predators that suffered great 
losses during the extinction had regained diversity and returned to their dominant 
positions in the food chain (Sheehan, 2001; Copper et al, 2013). 
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1.3 Previous Studies 
Understanding processes that govern today can provide insight into the past. 
Likewise, understanding continental distributions and their link to biodiversity and climate 
in the past can help predict patterns for the future. Determining the continental 
arrangements of ancient Earth has relied heavily on paleomagnetism, paleoclimatology 
and biogeography to piece together the past. Through combining the three methods an 
accurate representation of the past has the potential to be uncovered, but few have 
combined all three disciplines, and each discipline has their respective drawbacks and 
uncertainties.  
Faunal provinces are useful in determining relative paleolatitude and longitude as 
well as constraints on tectonic elements, but these results can be subjective as water 
depth, island positions, ocean currents and climate of the past remain incompletely 
known, and each of these variables influences reproductive isolation and communication 
among species differently (Van der Voo, 1988).  
Paleomagnetism is often used to provide useful, quantitative data about the history 
of ancient continents, as they can be traced back through magnetic reversals preserved 
on the seafloor (Cocks and Fortey 1990). However, as in the case of this study, most of 
the ocean floors that existed during the Ordovician Period have either been subducted or 
severely distorted through obduction, and therefore paleomagnetic results must come 
from suitable continental rocks instead (Van der Voo, 1990; Cocks and Torsvik, 2002). 
Such suitable continental rocks are difficult to find, and thus, there is a ~40 myr gap in the 
paleomagnetic data record for the positions and orientations of Laurentia from 465-425 
Ma (Figure 1.3) (Jin et al., 2012). Only eight reliable paleomagnetic results are available 
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from 490-420Ma (Torsvik et al., 2012), so many of the paleopositions have been 
interpolated. 
 
 
Recent paleomagnetic studies have relied heavily on data from a small number of 
suitable continental rocks (Jin et al., 2012), and nearly all results since the 1950’s are of 
variable quality due to the limited instrumentation used in studies prior to the 1980’s 
(Cocks and Torsvik, 2002). Additionally, since the early papers were published, many of 
the more recent studies have relied on the previously published inconsistent 
paleomagnetic poles and apply a quality filter to results (Van der Voo, 1990).  
Figure 1.3 – Graph showing the number of paleomagnetic poles over the geologic past 
from present day to 550 Ma (after Torsvik et. al., 2012). More recent times have more 
available data and paleopoles, but reliable data is less frequent in the Paleozoic, and 
specifically at 450 Ma, the time of the Ordovician-Silurian boundary interval. 
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Though paleomagnetism is the most quantitative of the three techniques, it does 
have inconsistencies and limitations. For example, paleomagnetic studies assume that 
Earth’s dynamo is co-aligned to its spin axis and has a time-averaged dipole geometry, 
the Geocentric Axial Dipole (GAD) hypothesis (Van der Voo, 1991). While this assumption 
has successfully been applied to late Paleozoic poles, it may be incorrect for older 
Paleozoic periods (Van der Voo, 1988). Jin et al. (2012) confirmed that the GAD was 
operative during the Ordovician by confirming that paleomagnetic and ecological 
indicators of the equatorial zone coincided, and therefore the GAD will be assumed for 
this study. Paleomagnetism can be useful to determine paleolatitude and terrane rotation 
over time, but cannot distinguish between the north and south pole, so unless a well-
defined apparent polar wander path (APWP) exists, the terrane or continent cannot be 
constrained to a certain hemisphere (Cocks and Torsvik, 2002). 
A common problem that arises in paleomagnetic results is overprinting and 
remagnetization, wherein the magnetic memory of mineral grains within the rock have 
been obscured by a more recent magnetization event (Van der Voo,1988; Witzke, 1990). 
Often, the age of remagnetization/overprinting is not recognized, resulting in inconsistent 
and incorrect paleomagnetic results. Van der Voo and Meert (1991) devised a set of 
seven criteria – a sufficient number of samples, adequate demagnetization treatment, 
field tests, no resemblance to younger paleopoles, well determined rock age, structural 
control, and the presence of reversals – to minimize variability and inconsistencies in 
paleomagnetic results. They discovered that there is ultimately no way to categorize the 
validity of a paleopole; some older results are still valid and correct today, whereas some 
of the most recent results are incorrect and invalid. Furthermore, even some paleopoles 
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that meet all 3 (or 7) criteria for a result to be considered valid can still be incorrect data 
points, and sometimes when less than half the criteria are satisfied, the paleopoles seem 
valid and correct. 
Although there are no reliable paleopoles for Laurentia within the 40 myr gap 
(Torsvik et al., 2012), Miller and Kent (1989) were successful in finding an inclination-only 
paleolatitude constraint for the Iapetus margin of Laurentia in the Late Ordovician by 
analyzing the red beds of the Juniata Formation in Pennsylvania to determine a 
paleolatitude of deposition at ~26ºS +/- 12º. Jin et al. (2012) determined the position of 
the Late Ordovician paleoequator crossing Laurentia using key climate-sensitive 
biofacies confined to the “storm-free” band 10º north or south of the equator. This 
paleogeography places the Juniata Formation at 22.1º ± 13.5° S paleolatitude, in 
excellent agreement with the paleomagnetic result obtained by Miller and Kent (1989). 
The Jin et al., (2012) paper confirmed the previous APWP interpolations that placed 
Laurentia at the equator, rotating counter clockwise throughout the Period.  
There is currently no published research on the paleomagnetism of the Queenston 
Formation or Grimsby Formation in southwestern Ontario. A study conducted by W.F 
Kean in 1981 focused on the Ordovician-Silurian boundary interval, and analyzed the 
Neda iron ore in Wisconsin, Iowa and Illinois which he believed to be the western 
extension of the Queenston Formation, as well as the Queenston Formation in New York 
state. One preliminary paleopole location (S 45.4º, W 48º) was obtained from the Neda 
iron samples taken from three different sites. In a follow-up study, Kean (1982) subjected 
eight samples from the Queenston Formation to thermal demagnetization, and obtained 
a paleopole position of S 45º, W 38º. Though the poles obtained for both the Queenston 
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and the Neda Iron formations are very similar, neither result is consistent with the reliable 
published poles for Laurentia during the Ordovician or Silurian Periods. These paleopoles 
more accurately resemble published paleopoles from the Permian Period, which is the 
most common overprint age in Ordovician aged rocks from Laurentia (Van der Voo, 
1991).  
Nearly all Ordovician sedimentary rocks that were subjected to Appalachian folding 
have a similar secondary magnetization (Van der Voo and French, 1977). The Permian-
aged pole has been found in most red Ordovician sedimentary rocks found in North 
America, but its presence has been identified in both folded and non-folded rocks 
suggesting that the overprint was not produced directly by the tectonothermal processes 
of the orogeny. Kean (1981) concluded that both the Neda Iron and the Queenston 
formations experienced similar chemical changes post-deposition in the Late Paleozoic. 
Though studies by Van der Voo and French (1977) and Kean (1981,1982) were both 
inconclusive regarding the cause of the remagnetization, they agree that it was a chemical 
rather than thermal remagnetization, and timing suggests it may be related to the later, 
Carboniferous to Permian stages of the Appalachian orogeny. 
1.4 Rationale and Objectives of Current Research     
Since the pioneer study of paleomagnetism, researchers have been trying to 
precisely locate the continents during the Early Paleozoic. The inaccuracy of 
paleomagnetic techniques and regional scale overprinting has obscured the ancient 
paleomagnetic record in Lower Paleozoic rocks, making it difficult to find a reliable result, 
and therefore there is a 40 myr geological time span with major paleomagnetic data gaps 
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among only eight reliable paleolatitudes for the position of Laurentia during the entire 
Ordovician (Torsvik et al., 1996; Jin et al., 2012).  
Several studies have been conducted to determine the paleolatitude of Laurentia 
during the Ordovician and Silurian Periods. Results are typically obscured by a Late 
Paleozoic overprint, which may have resulted from chemical remagnetization coincident 
with Permian folding of the Appalachians (Van der Voo and French, 1977). 
Paleomagnetic analyses of the Queenston Formation in Big Bay and Bronte Creek and 
the Grimsby Formation in southwestern Ontario have not yet been published, and the 
more basinward location of the Queenston and Grimsby in southwestern Ontario may 
mean it has not been affected by the same remagnetization as its more western or eastern 
counterparts in the USA. The shale, siltstone, and sandstone of the Queenston and 
Grimsby formations may prove to be suitable continental rocks to provide the 
paleoposition of Laurentia during the Ordovician-Silurian boundary interval. 
The general rationale of this study is to contribute to bridging the 40 myr gap in 
paleomagnetic data to locate Laurentia at the Ordovician-Silurian boundary, while 
increasing the understanding of geologic history, geodynamics and the supercontinent 
cycle. 
This thesis can be divided into several main objectives:  
1. To determine if a stable remanent magnetization is recorded by the 
Queenston and Grimsby formations; 
2. If a stable remanence is found, to determine if it is a primary remanence 
magnetization from the Ordovician-Silurian Period, when the red shale 
and siltstone of the formations were deposited. 
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3. If the remanence is a younger magnetic overprint, to establish the 
relative age and cause of remagnetization. 
4. To determine the paleoposition of Laurentia during the Early Paleozoic, 
if possible, and to use the Queenston Formation and Grimsby Formation 
magnetization history as a tool to understand the geological history of 
southwestern Ontario.  
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Chapter 2.   Geological Setting 
2.1 Introduction  
 In terms of geography and climate, the Earth during the Ordovician and Silurian 
was quite different from today. Most continents were dispersed across the tropical zone, 
with Gondwana extending from the South Pole to the paleoequator. Laurentia (including 
North America, Greenland, and several small peri-Laurentia terranes such as Scotland 
and Northern Ireland) was one of the large continent that straddled the equator. 
Coincident with the environmental changes, accretion of island arcs against eastern North 
America created the Taconic highlands which were subsequently eroded, forming one of 
the largest clastic wedges of the Paleozoic across eastern Laurentia, represented today 
by the sandstone and shale of the Queenston and Grimsby formations from eastern 
United States to southern Ontario (Rodgers, 1971; Brogly et al., 1998; Castle, 2001). 
These Fe–enriched formations are the targets of paleomagnetic investigations of this 
thesis.  
2.2 Ordovician–Silurian Paleogeography  
 The configuration of the continents during the Ordovician bears little resemblance 
to the present day continental configuration. Four main continents dominated during the 
Ordovician – the supercontinent Gondwana (“all southern continents,” an amalgamation 
primarily of South America, Africa, Antarctica, India and Australia), Siberia, Baltica, and 
Laurentia (Cocks and Torsvik, 2002) (Figure 2.1). During the Late Ordovician and early  
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Silurian, Baltica, Siberia, and Laurentia were dispersed in tropical paleolatitudes near the 
equator, and the supercontinent Gondwana stretched from the south pole to just north of 
the equator (Cocks, 2001; Torsvik and Cocks, 2013a). The northern hemisphere was 
dominated by the Panthalassa Ocean. Two smaller oceans, the Iapetus and the Paleo-
Tethys, were located south of the equator (Ziegler et al., 1979; MacNiocaill et al., 1997; 
Servais et al., 2009). 
 
Figure 2.1 – Paleogeographic reconstruction for the Late Ordovician 
(Ashgill) to Early Silurian (Llandovery) Periods (after Torsvik, 1998). 
Reconstruction shows Laurentia, Baltica and Siberia at equatorial 
latitudes with Gondwana situated over the South Pole. 
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2.2.1 Gondwana 
          Gondwana, the only supercontinent during the Ordovician, was the main 
congregation of landmass, occupying ~100º of latitude (Cocks and Torsvik, 2004). By the 
Late Ordovician, the core of Gondwana consisted of modern Africa, Arabia, Florida, 
Madagascar and South America in the western portion, and Antarctica, much of Australia, 
Greater India and New Guinea in the East (Cocks 2001; Fortey and Cocks 2003). 
2.2.2 Siberia 
          Present day political Siberia stretches from the Ural Mountains eastwards to the 
Pacific Ocean (Torsvik et al., 1995; Cocks and Torsvik 2004), whereas the Ordovician 
Siberian plate refers mostly to the Siberian Platform, and did not include the southwest, 
northeast (Kolyma), and west (Komi and western Urals) of modern political Siberia. 
During the Ordovician, Siberia drifted rapidly from the southern hemisphere, across the 
paleoequator and into low northern latitudes where it has remained to present day (Cocks 
and Torsvik, 2007). 
2.2.3 Baltica 
           During much of the Ordovician, Baltica included most of northern Europe and the 
highest nappes in Norway (Torsvik, 1998). At the onset of the Ordovician, Baltica was 
located at high southern paleolatitudes, but rotated more than 50º counterclockwise by 
the Middle Ordovician. By the Late Ordovician, Baltica was situated at relatively low 
latitudes and continued northwards toward the paleoequator throughout the Silurian, 
when it collided with Avalonia and Laurentia (Cocks and Torsvik, 2005). 
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2.2.4 Laurentia 
During the Ordovician and Silurian, much of present day North America (as well 
as Svalbard, Northern Ireland, Scotland, Ellesmere and Greenland) was part of the large 
Neoprotzerozoic equatorial paleocontinent Laurentia (McCausland et al., 2007; Haq and 
Schutter, 2008). To the north, Laurentia was bordered by the Panthalassic ocean 
(equivalent to the modern-day Pacific), and the supercontinent Gondwana was situated 
to the south (Cocks and Torsvik 2011). These paleocontinents were separated by a major 
ocean - the Iapetus Ocean, as well as several microcontinents and small terranes 
(Domeier and Torsvik, 2015). Laurentia was a separate continent from ~570 Ma (Late 
Neoproterozoic) until ~420 Ma (Silurian) when it collided with Avalonia-Baltica started to 
approach and dock against it, preceded by island chain collisions, initiating the 
Caledonide (Taconic) Orogeny, and eventually formed western Laurussia by Middle 
Devonian time (Cawood et al., 2001).  
Throughout the Ordovician, Laurentia was relatively stationary, straddling the 
equator, rotated about 80° clockwise from its present-day position (Fortey and Cocks 
2003). Laurentia was bordered by passive margins to the (paleo-)north, northeast, and 
west, with active margins along its southeast and south (Berry et al., 2002). The northern 
margin of Laurentia (today’s western margin of North America, excluding the Cordilleras), 
was a passive margin for much of the Ordovician. The northern margin of Laurentia in the 
Ordovician was farther inland than the present day western margin of North America, 
making Nevada and California the likely margins at the time (Cocks 2001). The eastern 
Laurentian margin (present day northern North America) was a passive margin and was 
made up of many blocks that currently lie under the present Arctic Ocean (Cocks and 
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Torsvik 2011). The south Laurentian margin (present day east coast of North America) 
was an active margin, initiated by the closure of the Iapetus Ocean, which caused several 
terranes, as well as ultimately Avalonia and Baltica to collide and accrete onto the 
Laurentian margin (Domeier and Torsvik, 2015). The active margin was also associated 
with increasing volcanism from the Early Ordovician throughout the Period (Fortey and 
Cocks, 2003). The western Laurentian margin (present day southern North America) was 
passive for much of the Paleozoic, and was located further north than the present margin. 
The ancient margin is marked by the Suwannee-Higgins suture in the east and the 
Ouachita suture in the west of the southeastern United States, which represents the later 
accretion of peri-Gondwanan terranes with the Laurentian craton, making up most of 
present-day Mexico (Cocks, 2001). 
For much of the Late Ordovician, high eustatic sea level flooded the Laurentian 
continent periodically, covering Laurentia with large, shallow epeiric seas (Haq and 
Schutter 2008). The epeiric seas covering Laurentia during the Late Ordovician hosted 
many specialized faunas, which subsequently suffered heavy casualties when sea levels 
fell and the inland seas retreated off the continent during the Hirnantian glaciation to 
cause major habitat loss (Cocks and Torsvik 2011; Sproat and Jin, 2017). 
2.3 Taconic Orogeny 
The Taconic orogeny was the first mountain-building phase in the eastern North 
American Appalachians, initiated by the accretion of magmatic arcs onto the margin of 
Laurentia, as seen in Figure 2.2 (Rodgers, 1971; Torsvik and Cocks, 2013b). The orogeny 
was diachronous along 2,000km of the Appalachians, and lasted from the Late Cambrian 
to the Mid-Late Ordovician (van Staal and Barr, 2012). Late Cambrian arc collisions (~500 
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Ma) may have been the initial orogenic events largely in Atlantic Canada and New 
England (van Staal et al., 2007; Swanson-Hysell and Macdonald 2017), but intense 
activity continued through the late-Middle to Late Ordovician (~465–445 Ma) in the central 
Appalachians, perhaps as an Apennine-style orogeny with basement-involved crustal 
duplexing, generating an orogen with significant topography (Wise and Ganis, 2009).  
During the Late Cambrian and Early Ordovician, the southern margin of Laurentia 
(present North American eastern margin) faced the Iapetus Ocean, and was 
predominantly a carbonate platform. The orogeny drowned the platform (Faill 1997) and 
transformed it into a peripheral foreland basin (Lehmann et al., 1995). When the 
subduction of the eastern margin of North America under the Iapetus plate failed, slices 
of an accretionary wedge (the Taconic allochthon), were thrust onto Laurentia. Regional 
thrusting culminated with the uplift of the Precambrian basement rocks and the 
Figure 2.2 – The Taconic Orogeny in the Late Ordovician after Rowley and Kidd 
(1981). On the west side of the diagram, the Taconic highlands have been thrust up, 
sedimentation is feeding the Queenston Delta, and the older rocks of Laurentia are 
being subducted in the Iapetus ocean. In the east, Avalonia is moving towards 
Laurentia. 
 26 
lithospheric downbuckling of the eastern coast of North America, creating the Taconic 
peripheral basin (Bradley, 1989). 
The Taconic Orogeny is recorded in a ~443 Ma unconformity that can be traced 
southwest from the Hudson Valley in New York to Pennsylvania (Rodgers, 1971). 
Intensely folded Proterozoic to Early Cambrian rocks in the area are unconformably 
overlain by deformed Silurian rocks (Drake et al., 1989). The unconformity records the 
end of the bulk of the intense deformation, but small disturbances continued for ~10–15 
myr after the main event (Wise and Ganis, 2009). 
Prior to the 1970’s, orogenies were thought to be sharp, discrete events 
punctuating the geologic record. Rodgers (1971) revolutionized the idea that the Taconic 
orogeny was a series of orogenic episodes spread over a large timespan, rather than a 
single orogenic disturbance at the end of the Ordovician. Rodgers explained that the 
Taconic orogeny consisted of three extensive overlapping events; a disconformity in the 
external belt, gravity slides into the external belt and widespread deformation in the 
internal belt (Horton et al., 1989; Gray and Foster, 1997). 
Though Rodgers depicted the orogeny in three separate unconformities, more 
recent research by van Staal et al. (2009) and van Staal and Barr (2012), redefined the 
Taconic orogeny more regionally as the entire sequence of orogenic events that occurred 
in the peri-Laurentian realm from the Late Cambrian to the Late Ordovician, and 
subdivided the orogeny into Taconic I, II, III.  
The initial phase, Taconic I, began in the Late Cambrian and lasted until ~493Ma. 
Taconic I occurred mainly in the northern Appalachians, and is the orogenic response to 
the accretion of the Lushs Bight Iapetan volcanic arc onto the Dashwoods microcontinent; 
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a peri-Laurentian terrane off the coast of the Laurentian margin that had formed as a 
result of Neoproterozoic rifting from Laurentia (Waldron and van Staal 2001; van Staal et 
al. 2009). 
Taconic II was the “main” phase of Ordovician orogeny, spanning from 464–459Ma 
(Darriwilian to Early Sandbian). This event was characterized by arc magmatism and the 
arrival of the Dashwood microcontinent at the Laurentian margin with closure of a narrow 
intervening ocean basin. Taconic II also encompassed the initiation of the accretion of the 
Notre Dame arc (exposed in present day Newfoundland), the Ascot Arc (in present day 
Quebec) and the Snooks Arm arc onto the Laurentian craton (van Staal et al. 2007). 
Taconic II caused ductile deformation, reaching up to granulite grade metamorphism 
locally as well as mafic crustal underplating in present day Newfoundland (van Staal et 
al. 2009).   
The third and final phase, Taconic III continued into the Late Ordovician and marks 
the accretion of peri-Gondwanan arcs onto the Dashwood microcontinent and the 
Laurentian margin. The rocks involved in the third phase of orogeny occur along the 
Iapetan suture in the northern Appalachians, where peri-Laurentian and peri-Gondwanan 
terranes collided, marking the closure of the Iapetus Ocean (van Staal et al. 2007, 2009).  
The third phase of Taconic activity was responsible for the erosion of the 
highlands, and producing a large, ~4 km thick clastic wedge that extended through the 
continent into the Michigan Basin. The upper portion of the clastic wedge is called the 
Queenston Delta, is preserved in the Michigan Basin today (Drake et al., 1989; Ettensohn, 
2004). The Queenston Formation and Grimsby Formation, the two formations of interest 
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in this study are derived from the clastic wedge produced in response to the Taconic 
Orogeny. 
2.4  Michigan Basin 
The Michigan Basin is a nearly circular intracratonic basin centred in the lower 
peninsula of Michigan, covering an area of ~196,400–198,387 km2 (Haxby et al., 1976; 
Fisher et al., 1988).  The basin margins extend northward to southwestern Ontario 
beneath Lake Huron, to the eastern margins of Wisconsin, and to the northeastern margin 
of Illinois. In southwestern Ontario, the Michigan Basin extends to the Canadian Shield in 
the north and the Algonquin Arch to the southwest (Al et al., 2015). The basin reaches up 
to 5 km deep and is composed of Precambrian to Jurassic-aged rocks – predominantly 
evaporate deposits, shale, sandstone, and carbonate — with a thick Pleistocene glacial 
sediment cover (Wen et al., 2016) (Figure 2.3). Ordovician sedimentary rocks in the basin 
depict the Taconic deformation in Laurentia (Coakley, 1995). Though Pennsylvanian 
strata are the only subsidence-recording strata in the basin, erosion, depositional hiatus, 
and differential subsidence likely continued through the Paleozoic and potentially to even 
more recent times (Howell and Van der Pluijm, 1990).  
The basin was initially formed from the extension of the Illinois Basin to the north 
in the Cambrian Period, but the mechanisms driving the formation of the Michigan Basin 
are highly controversial. Proposed mechanisms include mantle plume activity via 
lithospheric drawdown as well as intraplate stresses from craton-margin tectonics (Howell 
and Van der Pluijm, 1990; Kominz and Bond, 1991). Early, classic basin–centred 
subsidence terminated by the Middle Ordovician, where tilting towards the Appalachian 
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basin caused a distinctive change in subsidence style (Coakley, 1995). Throughout the 
history of the Michigan basin, subsidence has been divided into four  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
unique episodes, subsiding at various rates throughout the Phanerozoic (Sleep and 
Sloss, 1978). The first episode is characterized by rapid early subsidence and lithospheric 
Figure 2.3 – a) Cross section of the Michigan Basin representing the shape 
of the basin and ages of rocks preserved in the basin (Olcott, 1992) b) Map 
view of the Michigan Basin in Michigan and in southwestern Ontario, 
including the stratigraphy of the basin, adapted from Armstrong and Carter 
(2006) and Benison et al. (2011). 
a. 
b. 
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extension from the Late Cambrian to the Early Ordovician (Ahern and Dikeou, 1989; 
Howell and Van der Pluijm, 1999). The second episode is marked by the increase in 
subsidence in association with the first basin–centred subsidence, as evidenced by 
Middle Ordovician anhydrite facies. The basin–centred subsidence was initiated by 
thermal contraction and is explained as tectonically induced lithospheric weakening and 
development of a lower-crustal low viscosity zone (Howell and Van der Pluijm, 2011). 
This zone caused the upper crust to decouple from the upper mantle, allowing the upper 
crust to subside into a lower crust with lower viscosity under the weight of the excessive 
mass (Nunn and Sleep, 1984). The third episode represents a slow subsidence phase 
with regional tilting towards the east to the Appalachian foreland basin, distinguished by 
eastward tilting shallow marine shelf deposits that fill the basin. The final subsidence 
episode was rapid tectonic subsidence, marked by carbonate deposits that display 
concentric reef patterns, and a central deep-water basin filled by Silurian evaporite beds 
(Howell and Van der Pluijm, 1990).  
Gravity maps of the United States unveil a suite of anomalies that reflect major 
subsurface features that extend from Kansas, north-northeast to Lake Superior and into 
central Michigan, with an extension transecting the Michigan basin from the northern to 
the southern margins (Van Schmus and Hinze, 1985). The main segment of anomalies 
across the USA represent the Mid-Continent Gravity Anomaly (MGA), a 2,000 km–long 
buried Precambrian failed rift system (Serpa et al., 1984), and the similar but less 
prominent gravity anomaly observed within the Michigan Basin has been proposed to 
represent an extension of the MGA (Chase and Gilmer, 1973; Merino et al., 2013). The 
anomaly in the Michigan Basin begins in the southeast and trends northwest through the 
 31 
basin center (Figure 2.4), and abruptly changes direction, extending north towards the 
Michigan upper peninsula (Fisher at al., 1988). The succession of anomalies have  
 
positive Bouguer gravity highs that range from 60 to 100 mgals and gravity lows of -60 to 
-100 mgals that flank the highs (Brown et al., 1982). A Precambrian volcanic assemblage 
called the Keweenawan assemblage is associated with the MGA, and many researchers 
such as Chase and Gilmer (1973), and Fisher et al., (1988), suggest that the anomalies 
Figure 2.4 – The Midcontinent Gravity High (after Chase and Gilmer, 1973). Area 
highlighted in yellow represents a similar Bouguer gravity anomaly recognized in 
the lower Michigan Basin.  
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in the Michigan basin represent a Keweenawan basalt filled rift zone that formed during 
Late Precambrian rifting. McClure Oil Company drilled a borehole in the centre of the 
Michigan basin and encountered Precambrian red beds at 3,715 m depth and 
metamorphosed volcanics from 4,970 to 4,998 m and again from 5,252 m to 5,342 m 
(Van der Voo and Watts, 1978). Both the red beds and the volcanic deposits are 
interpreted to be an extension of the Keweenawan sequence in the Michigan basin (Van 
Schmus and Hinze, 1985; Brown et al., 1982).  
The Michigan basin is host to two Ordovician-Llandovery redbeds that will be 
analyzed in this thesis: the Queenston Formation, and the Grimsby Formation. 
2.4.1 The Queenston Formation 
The Queenston Formation in Southwestern Ontario records a time of global 
oxidizing conditions around the Ordovician–Silurian extinction boundary (Armstrong and 
Carter, 2010). The Upper Ordovician (uppermost Katian-lower Hirnantian) Queenston 
Formation underlies all of southwestern Ontario, and constitutes the westernmost part of 
the clastic wedge deposited in response to the Taconic orogeny (Rodgers, 1971; Brogly 
et al., 1998; Bergström et al., 2011) (Figure 2.5). Within southwestern Ontario, the 
Queenston Formation has a regional dip of 3º to the south/southwest, and thins from 275 
m thick in the southeast of Ontario near Lake Erie, to less than 50 m in the Bruce 
Peninsula (Armstrong and Carter, 2010). To the southeast, the Queenston Formation is 
unconformably overlain by the upper Hirnantian–lower Rhuddanian sandstones of the 
Whirlpool Formation and the dolostones of the Manitoulin Formation in the northwest. 
Regionally, the Queenston Formation conformably overlies the shale-rich Georgian Bay 
Formation (Bergström et al., 2011; Slingerland et al., 1989; Perras et al., 2013). 
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The Queenson Formation is composed of red and green non–calcareous to 
calcareous shale and mudstone with siltstone, sandstone and limestone intervals, and 
contains abundant intertidal sedimentary structures (Armstrong & Carter, 2010; 
Bergström et al., 2011;). Gypsum is present as nodules or as thin, subhorizontal laminae 
locally at every locality in varying parts of the formation, and the nodules range in size 
from 1-2 cm in diameter, to more than 10 cm in diameter (Brogly et al., 1998; Perras and 
Diederichs, 2015). The red shales of the Queenston Formation are medium- to thick-
bedded up to 200 cm thick, and have a mineralogy dominated by chlorite and illite, with 
high concentrations of MgO and V (Russel 1981; Al-Maamori et al., 2016). Throughout 
much of the formation, the red shale is interbedded among 5–10 cm thick siltstones and 
sandstones, and the presence of mudcracks, burrowed layers and shale clasts indicate 
a sedimentary environment that experienced periodic water level fluctuations (Brogly et 
al., 1998). Both the thickness of limestone interbeds and the carbonate content of the 
shale increases to the northwest. The grey shales are common in the lower and middle 
of the formation, and are more calcareous than the red variety, though similar in both 
structure and mineralogy (Armstrong and Carter, 2010). The grey shales are also more 
commonly interbedded with calcareous siltstones and limestones. Grading upwards to 
the upper contact with the Whirlpool or Manitoulin formations, the shale becomes greener.  
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Figure 2.5 – Late Ordovician-Early Llandovery stratigraphy of the Bruce 
Peninsula and the Niagara region, adapted from Brunton and Brintnell, 
2011and Brett et al., 1995. Areas of sample collection from the Bruce 
Peninsula area/ Southwestern Ontario (Queenston Fm) and the Niagara region 
(Grimsby Fm) are highlighted.  
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The wavy and lenticular bedding combined with bioclastic–rich layers, scours and 
channels, cross-bedding, ripple marks and intermittent gypsum nodules in the Queenston 
Formation are consistent with a prograding, shallow and muddy shore affected by 
frequent storms and subaerial exposure (Lehmann et al., 1994; Brogly et al., 1998; 
Bergström et al., 2011). The Queenston Formation is especially valuable in brick 
manufacturing, as it’s shaly lithology easily disintegrates when exposed to repeated 
wetting and drying, eliminating the need to pulverize the rock, and thus reducing the cost 
of production (Wallach, 2014).  
Samples representative of the Queenston Formation chosen for this study were 
collected from several localities in southwestern Ontario, from various positions within the 
clastic wedge. In the Bruce Peninsula area, samples were collected from the uppermost 
part of the formation, located just under the contact between the Queenston and the 
overlying Manitoulin Formation. Samples from this area exhibited the characteristic red 
and green-grey coloured, fine grained blocky mudstone and shale, with abundant gypsum 
nodules. Samples collected from more southeasterly locations near Burlington, Ontario 
were coarse-grained, mottled grey to purple mudstone and green-grey siltstone.  
2.4.2 The Grimsby Formation 
In southwestern Ontario, the Llandoverian Grimsby Formation belongs to the 
Cataract Group, which is equivalent to the Medina Group of New York. The Cataract 
Group is composed of the Whirlpool Formation at the base, followed by the Manitoulin, 
Cabot Head, and Grimsby formations at the top of the group, before grading into the 
Clinton Group (Castle, 2001; Perras and Diederichs, 2007) (Figure 2.5).  
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The Grimsby Formation conformably and gradationally overlies by the Cabot Head 
Formation and is conformably overlain by the Thorold Formation (Hettinger, 2001; 
Armstrong and Carter, 2010). Clastic sediments were provided from the Appalachian 
Orogeny, and the shallow shoreface sediments record the final phase of progradation of 
the Queenston Delta from the Taconic mountains (Brett and Calkin, 1987; Wallace and 
Eyles, 2015). 
The Grimsby Formation ranges from approximately 15 m thick in the Niagara 
peninsula, and thins towards the northwest, extending no further north than the Hamilton 
area. The formation consists of interbedded maroon to green shale, siltstone and 
sandstone characterized by storm influenced depositional features (Johnson et al., 1992; 
Brett et al., 2000; Byrnes and Castle, 2000).  The formation is a coarsening-upward 
sequence, subdivided into Lower and Upper Grimsby of nearly equal thickness.  
The Lower Grimsby is fine grained, and is dominated by maroon to green, chlorite-
rich shale, with thin, hummocky cross stratified to planar cross stratified sandstone 
interbeds (Johnson et al., 1992; Hettinger, 2001). The lower, shaly sediments are not as 
heavily bioturbated as the uppermost sandstones of the formation, but instead contain 
many body fossils, including those of bivalves, bryozoans and lingulides (Brett and Calkin, 
1987). 
The Upper Grimsby is composed of fine to coarse grained, hematite-rich, 
channeled red and green sandstones with white mottling and interbedded red sandy shale 
(Johnson et al., 1992; Armstrong and Carter, 2010). The sandstone is characterized by 
extensive bioturbation, annulated burrows as well as cross stratification (Brett and Calkin, 
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1987; Castle, 2001) and with large (1–2 m) ball and pillow structures in the Niagara region 
(Brett et al., 2000; Byrnes and Castle, 2000). 
Throughout the Grimsby Formation, graded bedding, hummocky, planar, and 
trough cross bedding, desiccation cracks, wave ripples, soft sediment deformation 
structures, including sole marks, and gutter casts are prominent (Wallace and Eyles, 
2015). These structures, in combination with the coarsening upward sequences, are 
highly indicative of a shallow storm-influenced, prograding deltaic marine environment 
(Brett and Calkin, 1987; Perras and Diederichs, 2007; Perras et al., 2014).  
Samples representative of the Grimsby Formation chosen for this study are 
coarse-grained, deep red to brown sandy mudstone collected from various localities along 
the Niagara escarpment.   
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Chapter 3.   Material and Methods 
3.1  Introduction  
In this study, red shale and siltstone from the Queenston and Grimsby formations 
were sampled and subjected to demagnetization techniques to determine if they can 
provide information about the paleoposition of Laurentia during the Ordovician–Silurian 
boundary interval. The process leading up to the laboratory partial demagnetization 
involved sample collection, sample preparation including drilling and coring samples to 
appropriate dimensions for the stepwise demagnetization techniques, and finally the 
measurement of the natural remanent magnetism of the specimens. Two stepwise 
demagnetization techniques, alternating-field and thermal demagnetization were applied 
to the samples, and their signatures of remanent magnetism were measured using a 
cryogenic magnetometer after each step of progressive demagnetization. 
3.2  Sample Collection 
 Oriented block samples were collected in the field. Samples were oriented in situ 
by measuring the strike and dip using a Brunton compass prior to being removed from 
the outcrop (Figure 3.1). Samples were prepared for measurement at the University of 
 
Figure 3.1 – Block sample oriented in the field before being removed from outcrop. 
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Western Ontario, and subsequently measured at the University of Windsor. The shale to 
mudstone and siltstone alternating lithology of the Queenston Formation favoured block 
sampling in the field, given that beds were typically <8 cm thick and often friable, and so 
not suitable for sampling with a portable drill. In this study, a site refers to an exposure of 
bedding in a sedimentary sequence which typically spans 2-4 m of section, a sample is a 
separately oriented block, and a specimen is a core cut from a sample and prepared to 
the dimensions required for laboratory treatment. Samples were only collected from 
undisturbed bedding surfaces thick enough to produce at least one 10 cm3 specimen per 
core drilled. Additionally, samples were chosen with the expectation of being consolidated 
enough to withstand the sample preparation and demagnetization processes. 
3.1.2  Sample collection for the Queenston Formation 
For the analysis of the magnetic remanence preserved in Late Ordovician rocks, 
63 oriented block samples from ten sites were collected from the Queenston Formation 
for this study. Three different localities were sampled from exposures of the uppermost 
Ordovician rocks in the Michigan Basin in Southwestern Ontario (Figure 3.2, Figure 3.3); 
in Big Bay and Indian River Falls (site names prefixed with BB), and in Bronte Creek (site 
names prefixed with BR) exposed near the Dundas St. Bridge in Burlington, Ontario. 
Between four and six sites were sampled from each locality, resulting in approximately 
15-20 standard paleomagnetic specimens per site, and ~100 specimens per collection. 
Samples collected from the BB localities are typically mudstones to siltstones and have 
a blocky outcrop appearance with a vibrant red-brown colour interspaced with minor 
green mudstone, whereas samples from the BR locality are characterized by lavender to 
green siltstone with some deeper purple coloured fissile shale. A full list of site and sample 
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names, strike and dip measurements, and outcrop descriptions of the Queenston 
Formation is provided in Appendix A. The map location reference datum is WGS-84. 
 
 
 
 
 
 
 
 
3.2.1.1 Big Bay 
 The Big Bay samples (denoted with a prefix BB) were collected from the Big Bay 
outcrop and the Indian Falls river outcrop. One additional site from the uppermost Big Bay 
locality that belongs to the Silurian Manitoulin Formation was also collected. All Big Bay 
samples were collected between June and October 2016. Within the Big Bay region 
E 
Figure 3.2 – Map depicting the stratigraphy of the Michigan Basin in Michigan 
State and Southwestern Ontario, after Armstrong and Carter (2010) and 
Benison et al (2011). Localities are marked with stars. Red stars indicate 
localities where sites from the BB16 and BR16 collections (mostly Queenston 
Fm) were collected, and blue stars indicate localities where sites from the 
GR84 collection (Grimsby Fm) were collected. Sites BB01, BB02 and BB04 
were collected from the locality labelled A, and site BB03 were collected from 
the adjacent locality, labelled B. All sites and specimens from the BR16 
collection were collected from locality labelled C. For the Grimsby Formation, 
site GR01 was collected from the locality labelled D, site GR02 was collected 
from locality E, site GR03 from locality F, and site GR04 from locality G, by 
Dr. David Symons in 1984. 
 
A 
B 
C 
D F G 
N 
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(44.79º N, -80.92º E), samples were collected from four different sites, with approximately 
6-8 samples collected per site, producing approximately 18-24 specimens per site.  
3.2.1.2 Indian Falls  
 In October 2016, a single site was sampled at the Indian Falls locality (44.62º N, -
80.94º E) (Figure 3.3) – also prefixed BB – producing six samples. The stratigraphic level 
of the sample site at the Indian Falls is approximately 20 m below basal strata exposed 
at the Big Bay locality. The six samples yielded 18 specimens for measurements. 
3.2.1.3 Bronte Creek 
 The Bronte Creek samples (names prefixed with BR) were collected from the 
Queenston Formation, along a ~100 m lateral stretch of the river bed (Figure 3.4). In the 
Bronte Creek locality (43.41ºN, -79.79º E), samples were collected from six different sites, 
with 5–7 samples per site, yielding approximately 15-20 specimens per site. All samples 
were collected in November 2016.   
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Figure 3.3 – Photo of the Indian Falls (site BB03) outcrop of the Queenston 
Formation, marked by the distinct deep red, weathered shale. 
Figure 3.4 – Photo of the Bronte Creek locality. Samples were 
collected over ten meters of thin, red shale and green to purple 
siltstone.  
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3.2.2 Samples from the Grimsby Formation 
 Samples from the Grimsby Formation were made available for this study by Dr. 
David Symons (University of Windsor) who collected from the formation in 1984, from four 
different localities. The first locality is in the Niagara Gorge area (~43.09º N, -79.06º E), 
and the three remaining localities are west of the gorge along the Niagara escarpment. 
The second locality was in Grimsby, Ontario, near the intersection of Main St. W and 
Grimsby Road (~43.18º N, -79.55º E). The third locality was also in Grimsby, near the 
intersection of Main St. W and Woolverton St (~43.19º N, -79.74º E). The fourth locality 
is between Stoney Creek and East Hamilton, near the intersection of Upper Centennial 
Parkway and Ridge Road (~43.21º N, -79.74º E). At least six specimens per site were 
chosen from Dr. Symons’ collection to be subjected to stepwise demagnetization 
techniques.   
3.3 Sample Preparation 
 The samples were prepared for demagnetization treatment at the University of 
Western Ontario. The first step of sample preparation was to prepare the samples for 
drilling. This process involved elevating the block sample in a metal tray to ensure that 
the sample was oriented level, and setting the rocks in plaster in this position so that they 
remained oriented horizontally during the drilling process. 
A total of 227 cores were drilled in The University of Western Ontario’s Cutting and 
Crushing Laboratory (Figure 3.5), and cut into 10 cm3 specimens in the Western 
Paleomagnetic and Petrophysical Laboratory prior to stepwise demagnetization 
treatment and measurement at the University of Windsor Paleomagnetic Laboratory. Two 
to four drill cores were produced per sample, depending on the size of the sample and 
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resistance to disintegration. Drill cores were labelled according to the site and sample 
number (ex: BB0101 delineates Big Bay, site one, sample one) and then were given a 
letter according to the order in which they were drilled (e.g.: the first core to be drilled from 
block sample BB0101 would be assigned the name BB0101A, followed by BB0101B, 
BB0101C, etc.) (Figure 3.6).  
 
 
 
 
 
 
 
 
 
 
Figure 3.5 – Drill press in the cutting and crushing laboratory at the University of Western 
Ontario. Three to five cores were typically cut from each block sample to produce 
specimens for analysis.  
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 After the samples had been drilled into cores, they were then cut into specimens 
in the University of Western Ontario’s Western Paleomagnetic and Petrophysical 
Laboratory. Cores were cut into 1-2, 10 cm3 specimens per core (Figure 3.7), yielding 2-
8 specimens per sample. The cores were labelled according to their sample number and 
core letter, followed by an additional number give to coordinate to the resultant specimen 
Figure 3.6 – Examples of oriented cores cut from block samples before 
being cut into specimen size for analysis. Each core is given a letter 
according to the order in which they were drilled. 
Figure 3.7 – Example of specimens prepared for analysis. Oriented cores were 
cut into 10cm3 specimens. 
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number (e.g.: the first specimen, typically the base of the core for sample BB0101A1, and 
the second specimen for that core would be labelled BB0101A2). 
3.4. Rock Magnetism 
3.4.1 Magnetic Grains 
 The magnetic grains in a rock can be divided into single domain grains (SD) and 
multi domain grains (MD). The magnetic energy in a mineral is produced by the atomic 
moments of atoms within the grains, and the charges of adjacent atoms produce a charge 
at the particle’s surface (Butler 1992).  For example, in a single grain there are two 
hemispheres; one positively charged and one negatively charged. The two adjacent 
charges will repel, and create energy. Magnetic domains within grains decrease the 
energy, and reduce the surface area covered by charge, allowing the opposite charges 
to be adjacent. The size of the grain typically determines the number of domains within 
the grain – smaller grains usually possess fewer domains. Single domain grains exist 
because the energy to create a domain wall is larger than the energy decrease from 
dividing a grain into two separate domains (Tauxe, 2010). 
Magnetite and hematite are the most common ferromagnetic minerals in rocks, 
and their number of magnetic domains can be determined by their grain size. Hematite is 
a mineral with low magnetostatic energy, so it can be up to 15 μm in size while remaining 
a single domain grain. Magnetite on the other hand, is a mineral with a high magnetostatic 
energy, so at any size over 0.1 μm, it becomes a multidomain grain (Butler, 1992). 
Therefore, hematite grains are typically single domain grains, whereas unless magnetite 
is very fine grained, it is dominantly composed of multidomain grains.  
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3.4.2  Natural Remanent Magnetism 
 The natural remanent magnetization (NRM) of a rock sample is the remanent 
magnetization present before the sample is subjected to any laboratory treatment (Tauxe, 
2010). The natural remanent magnetization of a rock is typically composed of both the 
primary and secondary remanent components which add vectorially to produce the 
natural remanent magnetism of the rock.  The primary magnetism in rocks is the 
magnetism that was acquired during the formation of the rock; either thermally, chemically 
or detrital. Secondary magnetism is any magnetism that is acquired post rock formation, 
which can overprint or alter the primary magnetism (Butler, 1992). A secondary 
magnetism seen in most specimens is viscous remanent magnetism (VRM), which is a 
magnetization that the rock acquired after its formation, due to being exposed to a weak 
magnetic field, such as the present day geomagnetic field. 
 The aim of paleomagnetic measurement is to remove the low stability components 
and isolate the highest stability component of NRM in a rock. The lower stability 
components that are removed at earlier steps in partial demagnetization techniques are 
typically secondary magnetizations (Tauxe, 2010). Ideally, the highest stability 
component is the primary magnetism, but this is not necessarily accurate, and the highest 
stability component may not be the magnetization from the time of rock formation. The 
term Characteristic Remanent Magnetization (ChRM) was created to describe the highest 
stability component in a specimen which may or may not be the primary magnetization. 
Partial demagnetization techniques such as alternating field demagnetization and thermal 
demagnetization can determine the direction of the ChRM, but not whether it is a primary 
magnetism direction (Butler, 1992).  
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3.4.3  The Cryogenic Magnetometer 
The NRM of each specimen was measured on a 2G cryogenic magnetometer at 
the University of Windsor (Figure 3.8). After each step of lab treatment (alternating-field 
and thermal demagnetization), the specimens were measured in the cryogenic 
magnetometer again to reveal the components that contribute to the specimen’s NRM. 
Cryogenic magnetometers measure the magnetic moment of the specimen, by using a 
superconducting at 4ºK magnetic field sensor called a Superconducting Quantum 
Interference Device magnetometer (SQUID). The SQUID is in a dewar that contains liquid 
helium, and individual specimens are placed in a room temperature access space and 
descend into the dewar to be measured.  
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3.5 Partial Demagnetization Techniques 
This thesis uses two demagnetization techniques in attempt to isolate the 
characteristic remanent magnetism of the Queenston and Grimsby red beds. A 2G 
cryogenic magnetometer was used to measure all magnetic remanence in the Queenston 
and Grimsby collections, including the NRM and remanence after each progressive step 
Figure 3.8 – A) The cryogenic magnetometer in the paleomagnetics 
lab at the University of Windsor. B) The alternating-field 
demagnetizer at the University of Windsor’s paleomagnetics lab. 
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of demagnetization. At least one specimen per site (apart from site BR06) was subjected 
to two stepwise demagnetization techniques; alternating-field (AF) up to 20 mT, and 
thermal demagnetization up to 670º C. Following each step of demagnetization, the 
remanence direction and field intensity was measured and recorded (Appendix B). If a 
specimen intensity fell below the instrument noise level or displayed erratic behaviour at 
high coercivities or temperatures, the specimen was discarded as it was considered no 
longer useful in providing directional information.  
Progressive demagnetization involves demagnetizing a specimen at increasing 
levels while measuring the specimen’s NRM after each level. The aim of these techniques 
is to reveal NRM components carried by grains with unique coercivity intervals or blocking 
temperatures, resulting in an array of NRM measurements following increasing 
demagnetizations (Butler, 1992). Partial demagnetization measurements were taken in 
the University of Windsor’s paleomagnetic lab. At least one specimen per site was 
subjected to thermal demagnetization up to 670º C, and at least one specimen per site 
except for site BR06 were subjected to an alternating field up to 20 mT.  
3.5.1  Alternating-field Demagnetization 
One of the partial demagnetization techniques used in this study is alternating-
field demagnetization, a technique that originated in the early days of paleomagnetic 
studies and gained popularity for its quick and effective production of results. This 
technique involves placing the specimen in a coil along three orthogonal axes and 
exposing them to an alternating magnetic field aligned with the coil axis in a magnetic 
field-free environment. The alternating magnetic field will interact with the weaker 
magnetic domains of a specimen to remove the low stability components, revealing the 
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specimen’s ChRM (Finn et al., 2016). As the AF-demagnetizer in the University of 
Windsor lab does not rotate the specimens automatically, for this study the specimens 
were manually rotated to expose all necessary axes to the alternating magnetic field. 
Typical instruments used to measure alternating magnetic field allow a maximum 
alternating field value (HAF) of up to 100mT. Figure 3.9 depicts the sinusoidal waveform  
of the alternating magnetic field, which decreases in magnitude linearly with time. If the 
demagnetizer is set to record the demagnetization of a specimen at 20 mT, the 
alternating-field waveform will begin with a magnitude of 20 mT. This field direction at 
20mT can be defined as “up”, and the magnetic moments of grains in the specimen with 
a coercive force (hc) less than, or equal to 20 mT will point “up”. Then, the magnetic field 
passes through zero in the opposite direction to a maximum of -19.9 mT, and all 
Figure 3.9 – Examination of the AF waveform (after Butler, 1992). Magnetic field at (1) 
has an intensity of 20 mT. Magnetic moment in grains with an hc less than 20 mT will be 
forced to point up, and the field will then pass zero towards -19.9 mT. Magnetic moments 
in grains with an hc less than -19.9 mT will point down. The field passes back through 
zero into the up direction, and continues the pattern over time.  
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magnetic moments in the grains with a coercive force less than or equal to -19.9 mT will 
be pulled to point “down”. The magnetic field will then pass through zero again in the 
opposite direction, to a maximum of 19.8 mT, pulling all magnetic moments in grains 
with an hc less than or equal to 19.8 mT to point “up”. All grains with hc between 20 and 
-19.9 mT have upward-pointing magnetic moments, whereas all grains with hc between 
-19.9 and 19.8 mT have downward-pointing magnetic moments. The net contribution of 
grains with coercive forces less than the maximum alternating field will be destroyed, 
and only the NRM in grains with coercive forces greater than or equal to the maximum 
alternating field will remain (Butler 1992). 
3.5.2 Thermal Demagnetization  
 For the process of thermal demagnetization in this study, approximately 50 
specimens were placed in a metal “boat” in multi-orientations and placed in the oven 
Figure 3.10 - The thermal demagnetizer in the paleomagnetics 
laboratory at the University of Windsor. 
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(Figure 3.10) at each temperature step. After each temperature step, the remanent 
magnetism of each specimen was measured with the cryogenic magnetometer before  
the specimens were re-loaded into the boat and placed back in the oven for the next 
temperature step. 
Thermal demagnetization requires that a specimen is progressively heated to 
reach an elevated temperature below the Curie temperature of the magnetic minerals, 
called the Tdemag, and then allowing the grains to cool to room temperature in a field-free 
environment (Tauxe, 2010). The process of thermal demagnetization causes all magnetic 
grains with a blocking temperature (TB) less than or equal to the elevated temperature 
below the Curie temperature (Tdemag) to have a thermoremanent magnetization at 0º C, 
which erases the natural remanent magnetism that the grains carry at the time of start of 
measurement. Secondary NRM can be selectively removed from specimens through 
thermal demagnetization, because while single domain grains with a short relaxation time 
can acquire VRM, grains with long relaxation times are more stable and do not acquire 
VRM as readily, so it can be removed from the grains with short relaxation times, unveiling 
the left-over ChRM of the more stable grains (Butler, 1992). SD grains that have a short 
relaxation time also have a low blocking temperature, and SD grains with VRM also have 
a low blocking temperature. Thermal demagnetization to an elevated temperature below 
the Curie temperature (Tdemag) that is greater than the VRM-carrying grains’ blocking 
temperature will erase the VRM, resulting in the isolation of the ChRM (Butler, 1992). 
As is the case in this study, thermal demagnetization is often used over alternating 
field demagnetization to remove secondary NRM from hematite bearing rocks due to the 
low relaxation time and volume of the grains that carry the secondary NRM. The 
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secondary NRM of such grains with small volumes and high coercive forces cannot be 
easily erased by AF demagnetization techniques because the coercive force of the grain 
would exceed the maximum alternating field (Butler, 1992). 
3.6 Analyzing Demagnetization Results 
The Interactive Analysis of Paleomagnetic Data software (IAPD) was used to 
define magnetic components as well as to calculate paleomagnetic poles. The results of 
this study depend on the assumption that Earth’s time-averaged geocentric axial dipole 
was operative during the Late Paleozoic (Jin et al., 2012), as well as during subsequent 
periods when remagnetization may have taken place. Before defining a site mean or a 
paleopole, individual components in a specimen were first identified, typically from the 
Zijderveld plot. Components were frequently identified where the magnetic behaviour of 
the specimen exhibited a significant change. This change was usually observed at the 
temperature steps representative of the Curie temperature of both magnetite (580º C) 
and of hematite (670º C), resulting in an intermediate and a high temperature component 
respectively. The different components identified across the collections will be further 
discussed in Chapter 4.  
A least-squares line of best fit was represented across the set of temperature steps 
that contributed to a component (ex; for the high temperature component, a line of best 
fit was typically fitted over temperature steps between 580º C and 670º C). For each 
specimen from a site, a line of best fit for the component of interest produces the magnetic 
direction of the specimen in terms of declination and inclination, which were then plotted 
on a lower hemisphere projection stereonet to determine the site mean. This study limited 
the maximum angular deviation of the best fit line to ≤16.  
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3.6.1 Site mean calculations 
 To determine a paleopole or mean paleomagnetic direction from a locality, 
individual site means for each component must be calculated. At each site, the declination 
and inclination of each useable specimen (for each component) is plotted on an equal-
area stereonet. IAPD calculates a site mean through vector addition from this set of 
directions of unit value, as well as a dispersion statistic, precision parameter (k) to indicate 
the amount of directional scatter when plotted on a sphere, and a 95% confidence limit 
for the mean directions (α95). The α95 is an angular radius from the mean direction that 
measures the precision of the estimation of a true mean. The α95 is the 95% certainty that 
the true mean direction of the site lies within the value of the α95 of the mean that was 
calculated (Fisher, 1953; Butler, 1992).  
3.6.2 Virtual Geomagnetic Pole Calculations 
 Pole positions in this study were calculated from an observation of the direction of 
the magnetic field and a single location (single site mean ChRM), and are called virtual 
geomagnetic poles (VGP’s). After the site mean direction was plotted on a stereonet, and 
a site VGP was calculated based on the site mean, using the site’s present day longitude 
and latitude coordinates. First, IAPD calculates the magnetic colatitude (p) of the 
specimen, the great circle distance from the site to the pole, using the equation: 
 
 
where Im is the site mean direction inclination. Next, the resultant pole latitude (λp) is 
calculated by the equation: 
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 where λs is the site latitude, and Dm is the site mean direction declination. Next, the 
longitudinal difference between the site and the pole is determined by the equation:  
 
 
The pole is then calculated in one of two ways. If , the pole 
longitude is calculated by adding the site longitude and the longitudinal difference 
between the pole and site (β). Alternatively, if , the pole longitude is 
calculated by adding 180º to the site longitude, and subtracting the difference between 
the pole and site (β). The resultant VGP is given in present-day longitude and latitude 
coordinates.  
 The following chapter will discuss the results from the two stepwise 
demagnetization techniques applied to specimens for the Big Bay, Bronte Creek and 
Grimsby collections. 
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4.   Results 
4.1 Demagnetization results for the Ordovician Queenston Formation: 
BB16 Collection 
The four sites for the Big Bay locality produced 33 interpretable results, with only 
minor occurrences of erratic sample behaviour. Demagnetization steps revealed 
magnetizations that can be resolved as three distinct magnetic components; V, I and H 
(Figure 4.1). The V component is interpreted as the Viscous Remanent Magnetization 
(VRM) preserved in the sample, and is typically removed by low temperature steps up to  
 
305º C or by low coercivities up to 20 mT. Typical directions of VRM observed in the 
samples represent a northeast and steep down direction with the mean D= 357.1, I= 88.1º 
Figure 4.1 – Intensity plot and Zijderveld diagram for specimen BB0101A2, 
displaying three directional components for the BB16 collection. The first, low 
temperature component, labelled the V component is isolated from temperatures 
of 0-305ºC, followed by a mid-range temperature component, called the I 
(intermediate) component from 350-580ºC, and finally a high temperature H 
component, identified from 620-670ºC. Components are easily distinguished in 
the Zijderveld plot, with little overlap between them, resulting in three distinct, 
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(α95= 14º; k=6.71; N=19) similar to the direction of the present geomagnetic field at the 
Big Bay locality (D= 350, I= 71º), calculated using the Natural Resources Canada 
magnetic field calculator. 
The I component unblocked over an “intermediate” temperature range of 350º C 
to 580º C, corresponding with the unblocking temperature range of magnetite, and 
typically displayed a poorly clustered southeasterly, shallow up direction. The stable I 
component was consistently displayed in 22 specimens, and in at least one specimen per 
cooperative site. 
Specimens from site BB01 had two distinct I component directional clusters (Figure 
4.2); one southeasterly and shallow up direction represented by specimens from block  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2 – Plot of the I component from specimens 
measured from site BB01. The figure shows two 
distinct clusters of data, cluster A representing results 
from block samples one through seven (shallow up 
directions), and cluster B representing results from 
block sample eight (shallow down directions). The two 
clusters do not share a common mean and are 
therefore not combined to produce a site mean. 
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samples one through seven, and a second, southeasterly and shallow down direction 
represented by specimens from block sample number eight.  
The mean for BB01 for block samples one through seven is D= 143.8, I= -4.4º 
(α95=2.5 º; k= 194.02, N= 12), and the mean for BB01 for specimens taken from block 
sample eight is D= 149.8, I= 25.1 (α95= 6.5º, k = 133.69, N = 3) (Figure 4.3).  
 
 
 
 
 
 
Figure 4.3 – APWP by Torsvik et al. (2012) with the I component VGPs for site BB01a and 
BB01b plotted.   
BB01b 
BB01a 
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A discrimination test (McFadden and Lowe, 1981) determined that the two clusters 
from BB01 do not share a common mean, and therefore they were not combined to 
determine a site paleopole.  
 The paleopole A calculated from the I component for BB01 from block samples 
one to seven is 36.8ºS, 326.6 E (dp = 3.8º, dm = 2.5º), and the paleopole B calculated for 
the I component from site BB01 block eight is 25.0ºS, 312.1 E (dp = 3.8º, dm = 7.0º).  
 Site BB02 was similarly characterized by a clustered, southeasterly shallow up 
direction for specimens from blocks four and six, and two specimens representing 
directions in the southwest, and one in the northwest (Figure 4.4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N 
B 
A 
Figure 4.4 – Plot of the I component from 
specimens measured from site BB02. A 
represents specimens that were used to 
calculate a paleopole, whereas B represents 
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The mean direction for site BB02 from block samples four and six is D= 140.2, I= -6.6 
(α95=41.6º; k= 2.73, N= 5), resulting in a paleopole of 35.8ºS, 331 E (dp = 4.9º, dm = 9.7º) 
(Figure 4.5).  
The H component was defined over a “high” temperature range from 580º C to 
670º C, coincident with the unblocking temperature of hematite, and a northwesterly, 
steep up direction with a mean D= 320.5, I= -64.6º (α95=23.5º; k=9.09; N=6) was typically 
removed from site BB01 (Figure 4.6a). The paleopole calculated for site BB01 is 7.7ºN, 
305.3 E (dp = 30.3º, dm = 37.7º) (Figure 4.6b). In site BB02, a southwesterly, steep up 
direction with a mean D= 271.9, I= -75.2º (α95= 17.8º; k= 12.46; N = 7) was removed  
 
 
Figure 4.5 – APWP by Torsvik et al. (2012) with the VGP for the I component from site 
BB02 plotted.  
 
BB02 
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N a. 
Figure 4.6 – a) depicts the site mean for the H component from site 
BB01. b) shows the VGP calculated for the H component of BB01 with 
respect to the Torsvik et al., (2012) APWP.  
 
b. 
BB01 
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(Figure 4.7a), and the resultant paleopole is situated at 37.7ºN, 315 E (dp = 29.8º, dm = 
32.6º) (Figure 4.7b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 
Figure 4.7 – a) depicts the site mean for the H component from site BB02. 
b) shows the VGP calculated for the H component of BB02 with respect to 
the Torsvik et al., (2012) APWP.  
 
a. 
N 
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Sites BB03 and BB04 were unable to provide useable directional information (Figure 4.8) 
and distinct components could not be resolved (Appendix B).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8 – Typical demagnetization behaviour of specimens from sites 
BB03 and BB04. Site BB03 ceased to provide stable directional information 
by 400º C, and site BB04 failed to provide stable directional information by 
100 mT. All specimens from sites BB03 and BB04 either deteriorated at mid 
to high temperatures, or specimen intensity levels fell below the instrument 
noise levels.  
 BB16 – 0301B1 
 BB16 – 0405B1 
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Site BB03 was sampled from a river at the Indian Falls locality, and dewatering of the 
mudstone samples following removal from the riverbed caused them to become very 
brittle and friable. Few samples remained intact through the drilling and cutting processes, 
and the samples that remained whole began to disintegrate during thermal 
demagnetization by ~400º C. Site BB04 was sampled from the overlying Manitoulin 
Formation at the Big Bay locality, and was predominantly composed of dolostone. All 
specimens from site BB04 either displayed erratic behaviour or intensities fell below the 
instrument noise level at ~400º. Figure 4.8 depicts the behaviour of typical samples from 
sites BB03 and BB04. 
4.3 Demagnetization results for the Ordovician Queenston Formation: 
(BR16) Collection 
The six sites for the Bronte Creek locality produced 62 interpretable results, 
despite a VRM direction being the only resolvable component in several samples. 
Orthogonal plots in Figure 4.9 illustrates an example of typical demagnetization behaviour 
exhibited by the BR collection. Similar to the BB collection, demagnetization steps 
revealed magnetizations that can be resolved as three unique magnetic components; V, 
I and H. The V component (VRM) is typically removed by temperatures up to 305º C or 
coercivities of up to 20 mT. Typical directions of VRM observed in the samples – D= 0.5, 
I= 85.5º (α95=3.4; k= 29.97, N= 60) – represent a direction interpreted to be the direction 
of the present geomagnetic field at the Bronte Creek locality (D= 350, I= 69º), calculated 
using the Natural Resources Canada magnetic field calculator. 
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The I component at the BR locality was notably less stable than that of the BB 
locality, producing only 13 useable results from two block samples out of a measured 61 
specimens. The I component unblocked over an intermediate temperature range of 350º 
C to 580º C, and the two sites that produced viable results (BR01 and BR05) had means 
in opposite quadrants of a stereonet; one in the NW quadrant, and one in the southeast. 
Figure 4.9 –Example of typical demagnetization behaviour across specimens 
from the BR16 collection. The intensity plot (left) demonstrates the typical 
pattern of specimens increasing in intensity around 100º C, and making a 
rounded hump shape before declining towards 0% intensity in the high 
temperature ranges. The Zijderveld plot (right) displays the typical 
demagnetization behaviour in terms of magnetic components. There are three 
components (V, I, and H), but they are less distinct than those of the BB16 
collection. The V and I components share some overlap, creating a hook shape, 
and the I and H component also share some overlap, creating a muddled, hook-
shaped trend towards the origin. 
 BR16 – 0505C1 
N 
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Site BR01 displayed a northwest and up direction, with a poorly defined mean of of D= 
319.3, I= -37.8 (α95= 36.3; k=7.3; N=4). (Figure 4.10a). The paleopole calculated from the 
mean of site BR01 was 16.6ºS, 319.9 E (dp = 24.4º, dm = 42.1º) (Figure 4.10b).  
The second viable site, BR05 displayed a southeast and shallow down direction, 
with a mean of D= 152.6, I= 3.4 (α95= 28.4 k= 4.25; N= 9) (Figure 4.11a). The paleopole 
calculated from the mean of site BR05 was 38.6ºS, 316.3 E (dp = 14.2º, dm = 28.4º) 
(Figure 4.11b).  
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Figure 4.10 – a) depicts the site mean for the I component from site BR01. b) shows 
the VGP calculated for the I component of BR01 with respect to the Torsvik et al., 
(2012) APWP.  
a) 
b) 
BR01 
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 N 
Figure 4.11 –a) depicts the site mean for the I component from site BR05. b) 
shows the paleopole calculated for the I component of BR05 with respect to 
the Torsvik et al., (2012) APWP.  
 
 
b) 
a) 
BR05 
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 The H component was defined over a high temperature range of 580º C to 670º C 
and removed a southwesterly and steep up component, and four different sites 
contributed to viable site means and paleopoles. Site BR01 and BR02 were combined, 
and had a mean of D= 285.2º, I= -80.8º (α95= 16º k= 15.25; N= 7) (Figure 4.12a). The 
paleopole calculated from this mean was 36.5ºN, 301.9 E (dp = 29.7º, dm = 30.8º) (Figure 
4.12b). 
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a) N 
Figure 4.12 – a) depicts the site mean for the H component from site BR01 and 
BR02. b) shows the VGP calculated for the H component of BR01 and BR02 with 
respect to the Butler (1992) APWP.  
 
b) 
BR01 + BR02 
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Site BR04 produced a mean of D= 231.9º, I= -79.6º (α95= 9.4º k= 4.94; N= 5) 
(Figure 4.13a). The paleopole calculated for this site was 53.1ºN, 307.1 E (dp = 31º, dm 
= 32.5º) (Figure 4.13b). Site BR05 produced a mean of D= 217.6º, I= -79.4º (α95= 11º, 
k= 20.16; N= 10) (Figure 4.14a). The paleopole calculated for this site was 57.7ºN, 
303.8 E (dp = 20º, dm = 21º) (Figure 4.14b). Site BR06 produced a mean of D= 88.8º, 
I= -85º (α95= 19.5º, k= 16.32; N= 5) (Figure 4.15a). The paleopole calculated for this site 
was 42.4ºN, 266.7 E (dp = 38.1º, dm = 38.6º) (Figure 4.15b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N a) 
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Figure 4.13 – a) depicts the site mean for the H component from site 
BR04. b) shows the paleopole calculated for the H component of 
BR04 with respect to the Butler (1992) APWP.  
 
b) 
BR04 
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Figure 4.14 – i) depicts the site mean for the H component from site 
BR05. ii) shows the paleopole calculated for the H component of BR05 
with respect to the Butler (1992) APWP.  
 
a) 
b) 
BR05 
 75 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N 
Figure 4.15 – a) depicts the site mean for the H component from site 
BR06. b) shows the paleopole calculated for the H component of BR06 
with respect to the Butler (1992) APWP.  
a) 
b) 
BR06 
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4.4 Demagnetization results for the Grimsby Formation 
Four sites from the Grimsby Formation typically produced poor, unstable results. 
Unique components were not as easily isolated and resolved as those of the BB and BR 
localities of the Queenston Formation. For the Grimsby Formation, typically one single 
component was identified, and was resolved across nearly the entire spectrum of 
demagnetization; from the first to the final demagnetization step. In all, 78% of specimens 
did not have any resolvable components beyond the VRM (V component) which removed 
a direction with the mean D=57.2º, I= 85.7º (α95=6.9º; k=18.33; N=25) closely resembling 
that of the present day geomagnetic field direction in 54% of resolvable specimens.  
I and H components were defined by the same temperature range as the 
components defined in BB and BR localities; 305-580º C and 620-670º C respectively. 
However, the I component was resolvable in no more than two specimens per site, and 
the H component was typically resolvable in only a single specimen per site. The typical 
behaviour of the GR84 specimens are shown in Figure 4.16, and as there were not 
sufficient viable specimens to calculate reliable paleomagnetic results, specimens from 
the Grimsby Formation will not be further discussed. 
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4.5 Summary of Results 
 Results presented in this chapter have been summarized and compiled in Table 
4.1. A table compiling the NRM value following each progressive demagnetization step 
can be found in Appendix B. The following chapter will discuss the interpretations of the 
  GR84 - 040101 
 GR84 - 020201 
Figure 4.16 – Two examples of typical behaviour of specimens from the GR84 
collection. The intensity plots (left) depict specimens losing most of the remanent 
magnetism at low coercivities (typically by 20mT) or by low temperature steps 
(80ºC), and falling below instrument noise level, where data cannot be interpreted. 
The Zijderveld plots (right) show a single line extending from the specimen starting 
point to the origin, rather than distinct components. 
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results as well as their implications for the paleogeography of Laurentia at the Ordovician–
Silurian boundary interval.   
 
Table 4.1  – Table compiling the means and paleopoles calculated for both the I and H   
components from each site that produced a useable result. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Site I component mean I component paleopole 
BB01 (1-7) 143.8/-4.4 (α95 = 2.5º)  38.6º S, 326.6 E (dp = 3.8º, dm = 2.5º) 
BB01 (8) 149.8/25.1 (α95 = 6.5º) 25.9º S, 312.1 E (dp = 3.8º, dm = 7.0º) 
BB02 (4, 6) 140.2/-6.6 (α95 = 41.6º) 35.8º S, 331 E (dp = 4.9º, dm = 9.7º) 
BR01 319.3/-37.8 (α95 = 36.3º) 16.6ºS, 319.9 E (dp = 24.4º, dm = 42.1º) 
BR05 152.6/3.4 (α95 = 28.4º) 38.6ºS, 316.3 E (dp = 14.2º, dm = 28.4º) 
Site H component mean H component paleopole 
BB01 320.5/-64.6 (α95 = 23.5º) 7.7º N, 305.3 E (dp = 30.3º, dm = 37.7º) 
BB02 271.9/-75.2 (α95 = 17.8º) 37.7º N, 315.3 E (dp = 29.8º, dm = 32.6º) 
BR01 + BR02 285.2/-80.8 (α95 = 16.0º) 36.5º N, 301.9 E (dp = 29.7º, dm = 30.8º) 
BR04 231.9/-79.6 (α95 = 9.4º) 53.1º N, 307.1 E (dp = 31º, dm = 32.5º) 
BR05 217.6/-79.4 (α95 = 11º) 57.7º N, 303.8 E (dp = 20º, dm = 21º) 
BR06 88.8/-85 (α95 = 19.5º) 42.4º N, 266.7 E (dp = 38.1º, dm = 38.6º) 
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5. Discussion 
Paleomagnetic analysis indicates that rocks from the Big Bay and Bronte Creek 
collections of the Queenston Formation retain three component magnetization directions 
which unblock over three laboratory temperature intervals. The V component unblocked 
over a temperature range of 0-305º C or up to 20 mT coercivities, and typically removed 
a northern steep down direction representative of the present day magnetic field direction. 
The I component unblocked over a temperature range of 350-580º C, and typically 
removed a southeastern shallow up direction across both collections. The direction 
removed from the I component temperature range is of Late Paleozoic age, and is 
interpreted to be an overprint direction. The H component unblocked over the 580-670º 
C temperature range and typically removed a southwesterly to northwesterly and steep 
up direction, representative of a Mesozoic overprint. The Grimsby Formation did not 
provide reliable paleomagnetic results and will not be discussed in this chapter. 
The Queenston Formation may retain remanence representative of the Early 
Paleozoic and possibly the Ordovician–Silurian boundary interval based on an 
intermediate temperature component found within the magnetite unblocking range in 
specimens. The ability to deliver primary remanence from an intermediate temperature 
component, but a secondary magnetization preserved in the high temperature component 
implies that at least some of the magnetite in the Queenston Formation was present when 
the rocks formed, whereas the hematite seems to be dominantly of a younger, chemical 
origin. This is consistent across both collections, indicating that the alteration and creation 
of hematite after deposition occurred over a regional scale, as the two localities are over 
200 km apart. 
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5.1 General discussion of the VRM component 
VRM directions similar to the direction of the present day geomagnetic field were 
typically removed by low temperature thermal demagnetization steps up to 305º C, 
indicating that sample orientations recorded in the field were correct, and correct 
orientations persisted through both preparation and demagnetization steps. The steep 
down and northern direction seen in both collections was acquired as a secondary 
magnetization in the recent geologic past due to prolonged exposure of multidomain 
magnetite grains to the present-day geomagnetic field.  
5.2 General discussion of the I component 
 The demagnetization of the I component removed a consistently shallow, 
southeasterly direction across both collections, in four of the six cooperative sites. Only 
one site did not produce this result, site BR01, where a northwesterly and shallow up 
direction was removed instead.  
 Site BB01 was divided into two different site means and paleopoles, as the 
directions obtained from blocks one through seven did not share a common mean with 
those of block eight. The results of these I component directions were similar, but blocks 
one through seven exhibited a much shallower up direction (I = -4.4º), whereas block 
eight represented a shallow down direction (I = 25º). 
 Site BB02a (block samples four and six) produced very different directions than 
site BB02b (block samples one and five). BB02a complied with the typical behaviour of 
the I component from the rest of the collection, removing a southeasterly, shallow up 
direction at mid-range temperatures. BB02b was not characteristic of the BB and BR 
collections, and the I component was not consistent in direction between blocks, resulting 
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in the highest error value of the entire study (α95 = 67.2), so it is possible that this result 
has far too high of an error to be considered reliable for this study. 
 Site BR01 was the only site where the I component removed a northwesterly 
direction, with one of the steepest shallow up directions recorded across both collections 
for the I component. However, the steeper direction removed resulted in a paleopole at 
lower latitudes than the rest of the collection, plotting the closest to the Ordovician–
Silurian pole for Laurentia on the Torsvik et al., (2012) APWP. The only immediate 
difference between site BR01 and the rest of the BR16 and BB16 collections is the 
lithology. Site BR01 has the siltiest lithology of all specimens where an I component can 
be isolated. It is therefore possible that the lack of the distinctive red muds typical of the 
collections accounted for less overlap among the I and H components, giving a more clear 
and precise result for this site.  
Site BR05 exhibited the same typical behaviour as the rest of the collection, with 
a shallow, southeasterly direction removed by 580º. However, a shallow, down direction 
was removed (rather than the typical shallow up direction), similar to block eight from site 
BB01.  
On Torsvik et al.,’s (2012) APWP for Laurentia, the plotted paleopoles (Figure 5.1) 
for the specimens fall within 22º of latitude of each other, and within 19º longitude of each 
other, resulting in a relatively tight cluster. Sites BB01a and BB02a fall within reasonable 
longitudes expected of the Ordovician-Silurian boundary interval when error is 
considered, but are situated at higher latitudes than expected for the Early Paleozoic. The 
paleopole for site BR01 lies directly on the AWPW path at ~450 Ma, and could be a 
reliable site to represent the pole during the Ordovician-Silurian Period. As a test for 
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primary remanence was not conducted in this study, it cannot be confirmed that this result 
represents the primary remanence obtained during deposition, however, the proximity to 
the expected paleopole suggests that the ancient remanence preserved in the sample 
may be of Ordovician-Silurian age. Site BB01b is also situated at similar latitudes to those 
expected of the Early Paleozoic. The location of site BB01b is not as close to the path as 
BR01, but the error associated with BB01b brings it within range of the Ordovician-Silurian 
boundary interval and accepted error on the map.  
 
 
 
 
 
 
 
 
 
 
 
 
Sites BB01a, BB02 and BR05 all lie further south than expected poles for the Early 
Paleozoic, but are close to the pole ~ 310 Ma on the APWP, placing them closer to the 
Late Paleozoic poles. They are most closely related to the Late Carboniferous, Early 
Permian poles, and therefore an overprint of that age can be inferred. Overprinting of Late 
Figure 5.1 – Torsvik et al., (2012) North American APWP showing the 
virtual geomagnetic poles representing the I component for the BB and BR 
collections. 
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Paleozoic age is commonly seen in Early Paleozoic rocks in North America, and the most 
commonly recorded overprint is the Kiaman overprint. In a 1989 study, McCabe et al. 
identified the Kiaman overprint in Paleozoic sedimentary rocks across southern Ontario 
and upstate New York. The Kiaman Period was one of the longest intervals of reverse 
polarity in Earth’s magnetic field in Earth history (Opdyke et al., 2000) and was an interval 
of almost constant reversed polarity that lasted for ~70 my (Butler, 1992), resulting in the 
obscuring of many early Paleozoic rocks. 
 Error values associated with the I component were typically much higher than error 
values associated with the H component. One of the most probable causes for this is that 
the I and H components are not distinct enough to be represented as two separate 
components. It is plausible that the magnetite recording the I component and the hematite 
recording the H component were unblocking concurrently, causing the two components 
to appear as a curved or hooked line on the orthogonal plot rather than three distinct 
linear segments. Additionally, the V component may also be overlapping with the I 
component, resulting in it being obscured by two additional components. The I component 
exists within the specimens, but it is difficult to fit a clean line segment to the I component.  
This would similarly result in inconsistencies in the paleopole positions, and the resultant 
paleopole would be a contribution of two (or three) separate sets of information rather 
than a clear-cut result from one perfect component.  
5.3 General discussion of the H component 
 The H component produced far less consistent results than the I component. In 
half of the sites, a southwestern-directed, steep up direction was removed. In one third of 
the sites, a northwestern, steep up direction was removed, and in one of the sites, a 
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northeastern steep up direction was removed. The paleopoles for the H component were 
all plotted on Butler’s (1992) APWP, plotted as north poles as this allows for the plotting 
of the high northern paleopole locations generated from the H component sites.  
 The VGP from site BB01 (7.7º N, 305 E dp = 30.3º, dm = 37.7º) falls much closer 
to the expected Early Paleozoic Laurentian reference poles on Torsvik et al.’s (2012) 
APWP than the rest of the sites representing the H component (Figure 5.2), situated 
closest to the expected pole for the mid-Ordovician at ~ 430-450 Ma. The paleopole has 
a large error, however, (dp = 30º, dm = 37º), so within the 95% confidence interval, the 
range of calculated paleopole includes the APWP position corresponding with the 
Queenston Formation Late Ordovician depositional age.  
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2 – Site BB01 H component virtual geomagnetic pole plotted on 
Torsvik et al., (2012) North American APWP.  
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 Site BB02, and the combined sites BR01 and BR02 are situated at ~30º higher 
latitude than site BB01, and plot the farthest away from any plotted paleopoles on Butler’s 
(1992) APWP (Figure 5.3).  
 Sites BR04 and BR05 plot at even higher latitudes, of 53.1º N and 57.7º N 
respectively (Figure 5.3). These pole positions are situated closer to the North American 
APWP during the Cretaceous Period, ~120 Ma, however, they are still off by a measure 
of at least 40º latitude and 100º longitude.  
 Site BR06 plotted the closest to any other poles on Butler’s (1992) APWP, though 
still quite far from expected poles, and was situated closest to the pole during the 
Cretaceous Period ~80-120 Ma (Figure 5.3). The most probable reasoning for site BR06’s 
paleopole location (far off the cluster of the rest of the calculated paleopoles) is that site 
BR06 was the only site in the BR collection where each individual specimen contributing 
to the mean and paleopole decayed to low NRM percentages (Figures 5.4 and 5.5). The 
rest of the collection had ~50% or more of the NRM remaining by the final temperature 
step, whereas BR06 had decayed to ~5-10% of the initial NRM.  
It is possible that if the specimens had decayed entirely by the highest temperature 
step, they may have fallen much closer to the location of the Cretaceous pole, or ideally 
the Ordovician-Silurian pole, however that was not the case in this study, as specimens 
rarely fully decayed.  
The expected paleoposition of Laurentia during the Ordovician–Silurian boundary 
interval is at equatorial latitudes, and such steep geomagnetic field inclination directions 
produced from the H component of these collections indicate that the continent was 
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situated at much higher latitudes during the time of secondary remagnetization, which is 
true for North America during the Cretaceous.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3 – Vitrual geomagnetic poles from sites BB02, 
BR01+BR02, BR04, BR05 and BR06 plotted on Butler’s (1992) 
APWP. Site BR06 is most closely located to the Cretaceous poles 
within error.  
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Figure 5.4 – NRM decay and orthogonal Zijderveld plot for Specimen 
BR0103A1. NRM plot displays that by the highest temperature step, NRM 
remained at 100% NRM. The red dashed line on the orthogonal plot shows 
the favourable path to the origin if the NRM had decayed to 0% by the 
highest temperature step. Since the specimen did not fully decay at high 
temperatures, the results are far less reliable.  
Figure 5.5 – NRM decay and orthogonal Zijderveld plot for Specimen 
BR0603D1. NRM plot displays that in contrast to Figure 6.1, by the 
highest temperature step, NRM had decayed to less than 10%. The 
specimen did not fully reach the origin on the orthogonal plot, but it 
came much closer than any other site, making it more reliable than the 
sites that were left with higher NRM percentages by the end of the high 
temperature demagnetization steps. 
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Errors and inconsistencies are expected for the values of the H components, as in 
many cases the specimens never fully decayed to 0% remanent magnetism by the end 
of the highest temperature thermal demagnetization step, and therefore did not reach the 
origin on the orthogonal plot. This can occur when specimens are not held at their 
unblocking temperatures long enough to fully unblock, or if the demagnetization 
temperatures never rose to high enough temperatures to complete unblocking of the 
magnetic signature-carrying minerals. Had many specimens fully decayed to 0% natural 
remanent magnetism, the paleopole positions may have more closely aligned with the 
expected pole of the Cretaceous Period, rather than off by a measure of over an average 
100ºE and 40ºS for the Big Bay and Bronte Creek collections.  
The paleopoles for the H component are difficult to interpret, because the 
calculated paleopoles are at too high latitudes to be considered Paleozoic aged, but 
they’re not as high or close in longitude expected poles of the Cretaceous Period. The 
atypical location of the calculated poles from this study is likely due to a combination of 
the concurrent unblocking of two components in hematite (both Paleozoic and the steeper 
more recent overprint), and the specimens never being held at high enough temperatures 
for long enough to decay to 0% NRM. Specimens were held at 670º C for 40 minutes, 
which is enough time for the hematite in the specimens to fully unblock. Failure to unblock 
suggests that though the temperature display on the oven indicated 670º C, the 
temperature inside the oven may not have been consistently at 670º C, resulting in 
incomplete unblocking of hematite. This resulted in an inaccurate paleopole, which is the 
result of overlapping data.  
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There are a few possible interpretations for the results of the H component for the 
BB and BR collections. The first interpretation is that the high latitudes shown for the 
samples represent an ancient, reversed magnetization of Cretaceous age. In this 
scenario, the Queenston Formation specimens would have obtained an additional, 
secondary magnetization carried by hematite during the Cretaceous. Another 
interpretation is that the steep upwards directions are instead of early Paleozoic age, but 
they are spot readings of a geomagnetic field with anomalously large secular variation. 
By collecting samples for paleomagnetic analysis, the aim is to collect samples that will 
have recorded a set of quasi-instantaneous measurements of the geomagnetic field 
direction at the time of the formation of the rocks (Butler, 1992). The periodicity of secular 
variation is ~105 years, and samples must be collected over this time interval to accurately 
average geomagnetic secular variation (Van der Voo, 1990). Therefore, the VGPs 
produced from site means must represent the magnetic field over a timespan greater than 
the periodicity (105 years) of secular variation in order to represent an accurate reading 
of the time-averaged geomagnetic field. At least double the number of sites sampled in 
this study would have been necessary to average secular variation, resulting in readings 
that may instead be derived from a spot reading of the geomagnetic field. A spot reading, 
as opposed to an averaged measurement of the geomagnetic field may have resulted in 
the abnormal paleopoles that came from the H component, and may explain why they are 
situated so far from Torsvik et al.,’s (2012) and Butler’s (1992) APWPs. 
5.4 Magnetic overprinting 
Magnetic overprinting was observed in both the I component (magnetite) and H 
component (hematite) in this study. The virtual geomagnetic poles (VGPs) calculated for 
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several of the I component magnetizations relate most closely to the poles during the 
Permian-Carboniferous boundary interval, and therefore preserve a Kiaman overprint. 
The high latitudes of the VPGs calculated for the H component magnetizations in this 
study are similar to high latitude positions expected of Cretaceous paleopoles, meaning 
the Queenston Formation specimens may have preserved two different, ancient 
magnetizations. Remagnetizations, through chemical and thermoviscous processes, can 
overprint and obscure a primary remanence direction throughout geologic history after 
the rock has been formed. The most common type of remagnetization among 
sedimentary rocks is a chemical remanent magnetization (CRM), a type of overprint that 
results from the formation of new ferromagnetic minerals during oxidizing surface 
conditions or by oxidizing reactions that cause the primary magnetic minerals such as 
magnetite or pyrrhotite to alter to the higher oxidation state minerals such as hematite or 
maghemite (Butler, 1992). Late Paleozoic remagnetizations of sedimentary rocks reside 
in both hematite and magnetite in North America, and are so common that 
remagnetizations are the expected result in North American Late Paleozoic 
paleomagnetic studies (McCabe and Elmore, 1989). 
There are few well defined superchrons in geologic history, and the overprint 
directions seen in this study both coincide with a superchron; a polarity interval lasting 
over 10 my (Merrill et al., 1998). The Cretaceous Period (overprint typical of the H 
component) was characterized by a normal superchron – an extensive normal-polarity 
interval where magnetic reversals were sparse. The Cretaceous Normal superchron 
spanned from 118 Ma to 83 Ma, an interval of ~35 myr without a magnetic polarity 
reversal, implying that the normal polarity state was more stable than the reverse 
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polarities (Merrill and McFadden, 1994; Tarduno et al., 2002). As the steep up direction 
preserved in the Queenston Formation is a steep up direction rather than a steep down 
direction expected of normal polarity, the overprint was recorded during an interval of 
reverse polarity either before 118 Ma or after 83 Ma. The Kiaman reverse polarity 
superchron (overprint typical of the I component), was operative for ~70 myr during the 
Late Carboniferous to Late Permian, spanning from ~ 312 Ma to 262 Ma (Butler, 1992; 
Merrill et al., 1998). 
5.5 Chemical Remanent Magnetization (CRM) 
Chemical overprints involve the neocrystallization or recrystallization of minerals, 
and are more common in finer grained particles with large surface area to volume ratios. 
During the uplift of the Appalachian Mountains in the Paleozoic, fluids coincident with 
advancing deformation migrated through basins, and are interpreted to have altered 
magnetic signature–bearing minerals, overprinting them with the geomagnetic field 
direction present during the time of fluid migration (Elmore et al., 2001). Fluid alteration 
is one of the most frequently recognized mechanisms by which chemical 
remagnetizations occur, and fluids can migrate through sediments through tectonism and 
diagenetic reactions to heat (Butler, 1992). 
5.6 The Redbed Controversy 
Paleozoic rocks bearing overprints have been a recurring complication in 
paleomagnetic research since the earliest paleomagnetic studies (Butler, 1992). Early 
Paleozoic rocks in Laurentia are typically obscured by later Paleozoic remagnetization 
events, notably the Kiaman overprint of the Late Carboniferous to Early Permian (Hodych, 
1989). As many Upper Paleozoic overprints obscure Lower Paleozoic rocks, it has been 
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proposed that the Lower Paleozoic rocks of Laurentia were located at lower, tropical 
latitudes during the Late Paleozoic, obtaining an overprint from chemical weathering in a 
warm, tropical environment, known as lateritization (Elmore et al., 2012). Magnetic 
overprinting in red, Paleozoic sediments is a common occurrence in paleomagnetic 
analysis, and has been termed the “Redbed Controversy”.  
Two contrasting concepts about the magnetic memory of red sediments exist 
among researchers; the first, that high stability components are magnetized by DRM 
(detrital remanent magnetization) contemporaneous with deposition, recording a highly 
accurate record of polarity transition and the geomagnetic field at the time of deposition. 
On the contrary, the second concept holds that up to millions of years post-deposition, 
multiple remagnetization components are acquired which obscure the paleomagnetic 
record (Butler, 1992).  
Red sediments are easily magnetized whenever a source of iron is available, which 
implies that they are not evenly reliable. Hematite is the dominant mineral in red coloured 
sedimentary rocks, including the shales of the Queenston Formation. 
Hematite occurs in two different varieties in red sediments; first, as opaque crystals 
larger than 1 μm, and second, as a translucent “pigment” responsible for the red 
coloration (Butler, 1992). Though petrographic analysis was not conducted on the red 
sediments of the Queenston Formation, the metallic lustre characteristic of specular 
hematite was observed in hand sample, and vibrant red colourations suggest that the 
hematite present in the samples is of the pigmentary variety. 
Pigmentary hematite is formed from post-depositional processes and can be 
formed from the dehydration of iron oxides and by the alteration of iron-rich silicates 
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(Steiner, 1983). Ferrous minerals are oxidized more readily in warm, moist environments, 
and by present-day standards, high latitude continents do not often experience warm, 
tropical climatic conditions. The Michigan Basin does not record Cretaceous–aged 
sediments, implying that sedimentation rates were low and that the basin was 
characterized by long spans of erosion and nondeposition. The climate of the Cretaceous 
Period was unusually warm, characterized by repeated drowning of the tropics and global 
temperature increases in high and polar latitudes, allowing for the possibility of increased 
weathering at the high paleolatitudinal position of North America.  
5.7 Chemical remagnetization resulting from orogenic fluids 
Orogenic fluids often migrate through faults and fractures of basins during times of 
peak deformation, and can remagnetize magnetic minerals in sedimentary rocks along 
the migratory paths. Fluids migrate by gravitational recharge and basin tilt, diagenetically 
altering magnetic minerals or precipitating new magnetic minerals. Chemical 
remagnetization by orogenic fluids is common among Paleozoic rocks that have been 
overprinted with a late Paleozoic age, as peak formation of the Appalachian and Ouachita 
fold-thrust belts enabled fluid migration along aquifers, remagnetizing many Early 
Paleozoic-aged rocks (Elmore et al., 2012).  
However, the main orogenic event in North America during the Cretaceous was 
the Laramide Orogeny, where the Rocky Mountains were uplifted on the west coast of 
Canada and the United States (English and Johnston, 2010). Orogenic fluids would have 
had to migrate over 4,000 km before reaching the Queenston Formation in the Michigan 
Basin, and is unlikely. In contrast, the orogenic fluid migration that affected Lower 
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Paleozoic rocks during the Appalachian and Alleghenian orogeny was over a distance of 
less than 1,000 km. 
5.8 Chemical remagnetization from burial diagenesis -  transformation 
of smectite to illite 
 Another possible mechanism of chemical remagnetization is the alteration of iron–
bearing smectite to illite, which releases iron resulting in magnetite authigenesis in the 
rock (Katz et al., 1998).  Katz et al. (2000) observed a widespread CRM in both Jurassic 
and Cretaceous limestones in France due to the weathering of smectite to illite, where 
the remagnetization is only present in rocks that have been fully altered to illite. This 
mechanism is perhaps a more effective remagnetization agent in carbonates, as the 
commonly overprinted mineral in carbonates is magnetite, which is preferentially created 
during the release of iron during the alteration. Smectite to illite alteration is a reasonable 
candidate for the Kiaman aged overprint, as illite is present in the Queenston redbeds 
and the overprint occurs in the magnetite unblocking range. This alteration is less likely 
to have resulted in the Cretaceous aged overprint in the H component, as the secondary 
magnetization carrier is hematite, which is infrequently created during the alteration, 
reducing the possibility of smectite–illite alteration as a chemical remagnetization agent 
for this study. 
5.9 CRM resulting from weathering processes and fluids 
  A final possible explanation for the chemical remanent magnetization present in 
the hematite-rich shales and siltstones is remagnetization from weathering processes, 
which can also cause the growth of new ferromagnetic minerals. During times of oxidizing 
surface conditions, magnetite is typically altered to higher oxidation state minerals, such 
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as goethite and hematite. Weathering fluids such as meteoric waters can also cause 
secondary magnetizations, by causing localized remagnetizations in hematite (Butler, 
1992).   
It is more probable that the weathering processes rather than fluids are what have 
affected the Queenston redbeds, as the formation is notably a regional aquitard 
(Armstrong and Carter, 2010), therefore the permeation of meteoric waters in unlikely. 
Secondary magnetizations in authigenic hematite are typically caused by weathering 
fluids along porous zones (Elmore et al., 2012). Coarse-grained, silty sections of the 
formations are likely to be more permeable, and may allow for the migration of meteoric 
fluids, resulting in alteration of the Queenston Formation. It is possible that the CRM in 
the redbeds may have formed from the breakdown of unstable iron-bearing detrital grains 
(Butler, 1992).  
5.9.1 – The Great Meteor hotspot – a cause for increased weathering? 
The Cretaceous Period was characterized by unusually warm surface and ocean 
conditions, and repeated drowning of the tropics. These conditions would allow for 
increased surface weathering, but by the Cretaceous Period, the Ordovician–Silurian 
sediments might not have been exposed at the surface. However, during the Jurassic 
and Cretaceous, North America was moving over a large mantle hotspot; the Great 
Meteor Hotspot (Heaman and Kjarsgaard, 2000). Crough (1981) explained that mantle 
hotspots can reheat the lithosphere as the plates pass over top of the hotspot, creating a 
topographic swell. These swells are common in both oceanic and continental crust and 
are typically 1,200 km in length and can be up to 1 km high. As North America passed 
over the hotspot, the hotspot would have been closest to the localities for this study ~155-
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134 Ma (Figure 5.6) when it was situated underneath Timiskaming, Ontario, and possibly 
had expression in the 148-146 Ma Finger Lakes magmatism. This would place the hotspot 
only ~400 km from the Big Bay locality, and ~600 km from the Bronte Creek locality, 
making the uplift of the localities resulting from lithospheric swell as North America passed 
over the hotspot reasonable. The swell and subsequent uplift of parts of Ontario during 
the passing of North America over the hotspot may have accounted for increased 
weathering of the Ordovician sediments, allowing magnetite to oxidize to hematite. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 5.6 – Heaman and Kjarsgaard (2000)’s figure depicting the Great Meteor 
Hotspot Track across North America. The Big Bay locality is overlain as a blue circle, 
and the Bronte Creek is overlain as a green circle.  
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5.10 Concluding discussion  
 Paleozoic sedimentary rocks are notoriously difficult to interpret, as magnetic 
stability is highly variant among specimens. One site from each collection preserved an 
Early Paleozoic remanence that plotted near the expected pole of the Ordovician-Silurian 
boundary interval on Torsvik et al., (2012) North American APWP. This remanence was 
preserved in an intermediate temperature component associated with the unblocking of 
magnetite, indicating that magnetite is preserving a magnetic signature from the 
Paleozoic.  Further work to isolate the intermediate component may provide a better result 
to constrain the location of Laurentia during the boundary interval.  
An ancient magnetization was preserved in the hematite (H component) of the 
Queenston Formation, plotting near the expected pole of the Cretaceous Period, and an 
ancient magnetization of Permian age was preserved in the magnetite (I component) of 
the formation. There are several mechanisms of chemical overprinting, and many have 
been considered as a cause of overprinting recorded in the Queenston Formation. 
Chemical remagnetization from orogenic fluid migration is common in overprints of Late 
Paleozoic age, and even in Cretaceous overprints in the Rocky Mountains, however the 
distance orogenic fluids would have travelled to permeate the Queenston Formation in 
southwestern Ontario suggests that fluid migration as a chemical remagnetization 
technique in this study is unlikely. Illite is the most common clay mineral in the Queenston 
Formation, and smectite to illite alteration may have been responsible for the 
remagnetization of Late Paleozoic age, as this alteration typically affects the magnetite 
grains rather than hematite grains. Smectite to illite alteration would have been a less 
likely remagnetization mechanism for the Cretaceous overprint, as the overprint was 
 98 
recorded in hematite, which is rarely affected by illite alteration. As the Queenston 
Formation is a regional aquitard, the migration of both basinal fluids and meteoric waters 
seems unlikely, making weathering processes the most probable cause for the 
Cretaceous aged remagnetization. During the Cretaceous, North America passed over 
the Great Meteor Hotspot, resulting in a topographic uplift and increased potential for 
weathering near the Bronte Creek and Big Bay locations, allowing for the creation of new 
hematite in the redbeds. Unique remagnetizations recorded in hematite and magnetite 
suggest that alteration fluids and weathering processes that have affected the rocks have 
differing chemistries that affect differing mineralogies in distinct ways (Renne et al., 1988; 
Elmore et al., 2012). 
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6.  Conclusions  
The aim of this thesis was to attempt to bridge the gap in paleomagnetic data in 
Early Paleozoic rocks through investigation of Ordovician–Silurian boundary interval 
clastic “redbed” sedimentary rocks of the Michigan basin in southwestern Ontario. 
Specimens from the sampled sites underwent detailed stepwise thermal and alternating 
field demagnetization to recover the ancient remanence component directions for 
analysis. 
Chapter One introduced the general rationale of the study and background 
information for the Ordovician and Silurian Periods, including the climatic conditions that 
prevailed during the boundary interval, the Hirnantian glaciation and resulting mass 
extinction, as well as the subsequent recovery. The general rationale of the study – to 
obtain primary remanent magnetization direction from Ordovician–Silurian boundary 
interval aged sediments – was presented, as well as the relevant previous paleomagnetic 
studies. The difficulty of obtaining a paleomagnetic direction from red sediments was 
introduced, and the lack of data for portions of the Ordovician and Silurian Periods across 
the globe was assessed. 
The second chapter introduced the geologic history and paleogeography of 
Laurentia and the formations of interest. A paleomap of the Earth’s continental 
dispersions was defined, depicting Laurentia at low, equatorial latitudes, with smaller 
terranes dispersed along the equator, and the supercontinent Gondwana situated at the 
South Pole. The origin and subsidence history of the Michigan Basin was discussed, 
followed by the orogenic history of the Taconic orogeny; the orogenic episode responsible 
for the advance of the clastic wedge from which the Queenston and Grimsby Formations 
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are derived. The lithology, prominent features and depositional environments of the two 
formations were described before leading into the methodology chapter. 
Chapter Three discussed the collection, preparation and stepwise 
demagnetization of samples required to obtain a paleomagnetic direction and paleopole. 
Natural remanent magnetization was introduced, as well as the different methodologies 
of demagnetizing a sample used in this study; alternating-field demagnetization and 
thermal demagnetization. 
Chapter Four presented raw results from the demagnetization steps, determining 
that a magnetic signature was preserved in two different components for each collection, 
carried in an intermediate (I) unblocking temperature component (magnetite) and a high 
(H) unblocking temperature component (hematite). The specimens from the Big Bay and 
Bronte Creek collections delivered Paleozoic aged directions from the intermediate (I) 
component, and Cretaceous aged directions from the high temperature (H) component.  
Paleomagnetic directions and poles for sites that plotted closest to Early Paleozoic 
expected poles were: BB01b (I component) D= 149.8, I= 25.1 (α95= 6.5º, k = 133.69, N = 
3) with the paleopole at 38.6º S, 326.6 E (dp = 3.8º, dm = 2.5º), and BR01 (I component) 
D= 319.3, I= -37.8 (α95= 36.3; k=7.3; N=4) with the paleopole at 16.6ºS, 319.9 E (dp = 
24.4º, dm = 42.1º).  
Paleomagnetic directions and poles for sites that appear to have preserved a Late 
Paleozoic overprint were: BB01a (I component) D = 143.8, I= -4.4º (α95=2.5 º; k= 194.02, 
N= 12) with the paleopole at 36.8ºS, 326.6 E (dp = 3.8º, dm =  2.5º), BB02 (I component) 
D= 140.2, I= -6.6 (α95=41.6º; k= 2.73, N= 5) with the paleopole 35.8º S, 331 E (dp = 4.9º, 
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dm = 9.7º) and BR05 (I component) D= 152.6, I= 3.4 (α95= 28.4 k= 4.25; N= 9) with the 
paleopole 38.6ºS, 316.3 E (dp = 14.2º, dm = 28.4º).  
Paleomagnetic directions and poles for sites that plotted closest to Cretaceous 
expected poles were: BB02 (H component) D= 271.9, I= -75.2º (α95= 17.8º; k= 12.46; N 
= 7) with the paleopole 37.7º N, 315.3 E (dp = 29.8º, dm = 32.6º), BR01+BR02 (H 
component) D= 285.2º, I= -80.8º (α95= 16º k= 15.25; N= 7 with the paleopole 36.5º N, 
301.9 E (dp = 29.7º, dm = 30.8º), BR04 (H component) D= 231.9º, I= -79.6º (α95= 9.4º k= 
4.94; N= 5) with the paleopole 53.1º N, 307.1 E (dp = 31º, dm = 32.5º), BR05 (H 
component) D= 217.6º, I= -79.4º (α95= 11º, k= 20.16; N= 10) with the paleopole 57.7º N, 
303.8 E (dp = 20º, dm = 21º) and BR06 (H component) D= 217.6º, I= -79.4º (α95= 11º, k= 
20.16; N= 10) with the paleopole 42.4º N, 266.7 E (dp = 38.1º, dm = 38.6º). These 
southwesterly steep up directions have not been seen in eastern Laurentia before. Site 
BB01 (H component) was unique in that it was situated near the Early Paleozoic, with the 
mean direction of D= 320.5, I= -64.6º (α95=23.5º; k=9.09; N=6) with the paleopole 7.7º N, 
305.3 E (dp = 30.3º, dm = 37.7º).  
Chapter Five discussed the results obtained through stepwise demagnetization 
techniques, and presented interpretations for the results that were produced. 
Inconsistencies and difficulties in measuring red sedimentary rocks were reassessed, and 
mechanisms for magnetic overprinting were considered. Incomplete unblocking of 
minerals, representing aspects of two distinct components overlapping were discussed 
as potential explanations for inconsistent results in the Big Bay and Bronte Creek 
collections, as well as anomalously large geomagnetic secular variation. The different 
mechanisms of chemical remagnetization in redbeds and their likelihood in affecting the 
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results of this study were presented, and surface weathering was determined to be the 
most likely mechanism for the Cretaceous aged overprint consistent in both collections. 
The alteration of smectite to illite was considered as a possible mechanism for the 
preservation of the Late Paleozoic overprint in magnetite across both collections. 
6.1 Future Work 
There are a number of ways in which results could be made more consistent with 
additional future work. Results could initially be improved by revisiting the paleomagnetic 
lab at the University of Windsor to subject samples to high temperature demagnetization 
steps a second time. This study demonstrated that the paleopole directions obtained from 
the H components did not plot directly on expected poles on Torsvik et al.’s (2012) APWP, 
or Butler’s (1992) APWP. This is likely because even at the highest temperature 
demagnetization step, when hematite should have completely unblocked, the NRM of the 
specimens rarely reached 0% remanence, indicating that hematite did not fully unblock 
in this study. By re-subjecting specimens to thermal demagnetization up to 670º for longer 
intervals of time than those applied in this study, specimens may be able to fully unblock, 
more accurately constraining the paleomagnetic directions and paleopoles. The α95 of 
samples could be reduced by additional sample collection, adding more specimens to 
each collection, resulting a more precise site means, and resultant paleopoles.  
A subsequent study should involve studying core samples to determine if there is 
a difference in the consistency of results among samples exposed at the surface versus 
fresh, unweathered cores. Additional sample collection over a regional scale could 
provide insight as to whether the Grimsby Formation specimens were regionally 
inconsistent and unreliable, or if unreliability was more localized to the Niagara region. A 
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final future step would be to subject the specimens to Micro X-Ray Diffraction (µXRD), 
Electron Probe Micro Analysis (EPMA) and petrographic examination to determine the 
mineralogical and chemical composition of the specimens. Understanding the 
lithological composition on a site by site basis may aid in precisely determining the 
source and cause of chemical remagnetization. This additional analysis could indicate 
the ratio of illite and smectite present in the formation to provide further insight regarding 
smectite to illite alteration, and if it may have acted as a chemical remagnetization 
agent.  
6.2 Concluding Remarks    
This project was initially divided into four objectives, and each of the four objectives 
have been met through this research. A stable remanent magnetization was recorded in 
the Queenston Formation, though the Grimsby Formation was unable to deliver a stable 
ancient magnetization. In the Queenston Formation, two components were identified in 
the two magnetic remanence carriers – an intermediate unblocking temperature 
component, I, carried by the magnetite, and a high temperature component, H, coincident 
with the unblocking temperature of hematite.  
The intermediate component, I, preserved an Early Paleozoic (in sites BB01b and 
BR01) magnetization, though the resultant VGP’s are of lower latitudes than those 
expected of the Early Paleozoic. This suggests that these redbeds may have either been 
remagnetized in the Early Paleozoic, or that they may be of primary origin. However, as 
a test for primary remanence was not conducted, and the Early Paleozoic results come 
from only two of eight sites, future work must be done to confirm the origin of remanence. 
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The intermediate component also preserved a secondary, Late Paleozoic 
magnetization in both the Big Bay and Bronte Creek collections. This Permian-aged 
remagnetization was coincident with the Kiaman overprint typical of Ordovician redbeds 
in North America. This Late Paleozoic overprint suggests magnetite authigenesis while 
the continent was situated at tropical latitudes, consistent with the location of Laurentia 
during the Late Carboniferous-Early Permian periods.  
The high temperature component, H preserved an additional secondary remanent 
magnetization, which was determined to most likely be an ancient reversed magnetization 
from the Cretaceous Period. The high northern latitudes of the VGP’s produced from the 
Queenston Formation comply with the expected poles that place North America at high 
latitudes during the Cretaceous.  
Ultimately, the Grimsby Formation was ultimately unable to provide any 
information about the geologic history of southwestern Ontario in this study. The 
Queenston Formation, however, records two different ancient remagnetizations, in two 
different magnetic minerals. This implies that following the deposition of the sediments in 
response to the Taconic orogeny, while the continent was at equatorial latitudes in the 
Late Ordovician, magnetite authigenesis likely occurred. The magnetite would have been 
formed when the continent had reached tropical latitudes, during the Late Carboniferous-
Early Permian, recording the geomagnetic field during the Kiaman reverse polarity 
superchron. By the Cretaceous Period, Laurentia had reached high, northern latitudes. 
As it passed over the Great Meteor hotspot ~155-134 Ma, around 16 myr before the 
initiation of the Cretaceous normal superchron, much of southwestern Ontario was 
uplifted. The uplift accounted for increased weathering of the Ordovician-Silurian aged 
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rocks, resulting in the alteration of some of the magnetite to the higher oxidation state 
mineral, hematite. This hematite recorded the reverse polarity geomagnetic field during 
the Cretaceous, not long before a 35 myr period of normal polarity. The different 
magnetization components in the Queenston Formation provided valuable information 
about Laurentia’s past – from its equatorial latitudes in the Early Paleozoic, to tropical 
latitudes in the Late Paleozoic, up to the high latitudes of the Cretaceous – contributing 
data to the paleomagnetic record and providing insight regarding the paleogeography and 
geologic history of southwestern Ontario through time.    
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Appendix A 
 
Strike and dip measurements (orientation surfaces) as well as site and block sample 
comments for each site. 
 
 
 
 
 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BB02  
Site Comments: 
Sampled by: Michelle MacRae, Phil McCausland, Halima Warsame. 
0201 130 4 1m up from BB108; fine grained, fissile red shale in uppermost layers, 
and green siltstone in lower layers, no evident structures. 
0202 273 4 6 cm up; red, blocky, mudstone; no evident structures, very fine 
grained. 
0203 130 3 10 cm up; fine grained, reddish brown, fissile shale with no visible 
fossils or structures. 
0204 152 6 40 cm up; very large sample, coarse-grained shale to siltstone, red 
throughout - more solid than some of the BB01 samples - cannot break 
off with fingernails, more consolidated. 
0205 283 3 20 cm up; red blocky shale with many thin layers - both fresh and 
weathered surfaces are red with no visible structures. 
0206 167 4 30 cm up; small sample, dark red-brown, very muddy shale with more 
blocks than plates. 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BB01 
Site Comments: 
Queenston Fm, near base of exposed section; thin cm mudstone to few cm sandstone beds. 
 Sampled by: Michelle MacRae, Phil McCausland, Halima Warsame. 
0101 343 2 Base; muddy, crumbles apart in hands, can see fine lines of darker 
bands, light coloured weathering product coating it, reddish dark inside. 
0102 108 16 25 cm up; **grey siltstone with a reddish hue. 
0103 000 6 10 cm up; light gray weathering, darker reddish brown inside, coarse-
grained, siltstone. 
0104 283 1 20 cm up; light pink colour on the outside, relatively coarse grained - 
siltstone to sandstone, no evident structures, can see thin planar lines 
through the sample, several sparkly grains, greyish green colour. 
0105 077 5 10 cm up; light gray with a little bit of pinkish red, fine grained with a 
few sparkly grains, mudstone to siltstone, some coarse grains, feels 
gritty. 
0106 074 10 20 cm up; mudstone - crumbly, falls apart very easily, can pick off 
pieces with nails very easily, very fine grained, light coloured. 
0107 285 8 20 cm up; reddish to light gray colour, mud flakes off with nail, very fine 
grained, doesn't feel gritty - platy and fine. 
0108 019 31 Same bed as 0107; red shale to siltstone - outside has been weathered 
to a white-gray colour - rock grades up in grain size. 
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Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BB03 
Site Comments: Indian Falls location. 
Sampled by: Michelle MacRae, Phil McCausland, Diego Uribe. 
0301 041 83 Approximately 20 m stratigraphically lower than the BB units.  
Bed found underneath an overhang, beds shallowly dip towards the 
N/E; reddish brown shale to siltstone, breaks very easily into fissile 
plates; no visible structures. 
0302 019 7 5 cm up from 301; reddish brown blocky mudstone with no visible 
features; cracks very easily. 
0303 043 7 Slightly below 301, ~2 cm; reddish brown blocky mudstone with no 
visible features; cracks very easily after having been removed from 
river. 
0304 259 4 In river bed; red to brown coloured, blocky mudstone that breaks very 
easily after having been removed from river. 
0305 269 8 ~50 m downstream from major cut bank; dark reddish brown, small 
blocky sample with some fissile, platy layers. 
0306 129 8 Near green markers by rapids; red coloured shale, fresh surface is very 
dark brown and very fine grained - rock itself is defined by scoop-
shaped edges, cracks very easily when removed from water. 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BB04 
Site Comments: Big Bay location 
Sampled by: Michelle MacRae, Phil McCausland, Diego Uribe. 
0401 304 4 ~5-10 m up from BB02 sample site; weathered surface is green-grey 
limestone with few brachiopod fossils and no visible structures. 
0402 322 3 10 cm up; large, fine grained greenish grey limestone with a more 
bluish grey fresh surface. Similar filled-in pore space. No visible fossils. 
0403 346 5 30 cm up; larger light greenish grey limestone with no fossils on surface 
- relatively coarse limestone with thin layers. 
0404 331 9 15 cm lower; small, light grey fine grained limestone sample with no 
visible surface fossils or structures - came from a "knobby" unit. 
0405 182 2 10 cm lower; weathered surface is greyish green limestone with 
abundant fossils (brachiopods?), whereas fresh surface is more of a 
bluish grey - fresh surface has some pore space. 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR01 
Site Comments: 
Queenston Fm, at mouth of tributary small gorge emptying into Bronte Ck., 200m upstream from Dundas 
St. bridge: 3-5 cm thick grey to lavender siltstones sampled amidst 60% red mudstone friable beds. 
Sampled by: Michelle MacRae, Phil McCausland. 
0101 336 2 Base of gorge, at Bronte Ck level. 
0102 328 2 30 cm up from 0101. 
0103 218 6 4 cm up; the immediately overlying siltstone bed. 
0104 104 8 20 cm up from 0103. 
0105 101 8 Same mottled red / green siltstone bed as 0104, 1 m laterally away. 
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Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR02 
Site Comments: 
Queenston Fm, ~ 2m above Big Bay Samples (BB16). 
Sampled by: Michelle MacRae, Phil McCausland. 
0201 253 6 ~20cm up from BR01 - top is dark red-purple mudstone, lower half is 
greenish siltstone. 
0202 105 11 Same bed - very blocky red weathered surface with thin grey siltstone 
layers. 
0203 33 5 5cm up - dark greenish brown surface with grey siltstone fresh surface. 
0204 104 2 40cm up - red to purple mudstone with some green layers towards the 
base. 
0205 235 5 5cm up - greyish green siltstone with muddy red weathering. 
0206 79 2 30cm up - green layered muddy siltstone with red weathered surface. 
0207 342 0 40cm up - green siltstone. 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR03 
Site Comments:  
Sampled by: Michelle MacRae, Phil McCausland. 
0301 009 6 Up ledge - very blocky red mudstone with some purple. 
0302 013 3 Up 40cm - very fine green silty layers with red weathered surface. 
0303 190 3 Slightly below 0302 - grey siltstone layers with red muddy silt layers and 
a very fissile muddy layer at the top. 
0304 178 8 Slightly below 0303 - 40cm up from 01 so 20cm below 03 - greenish 
siltstone with muddy red weathered surfaces. 
0305 142 6 ~25cm up -  greenish siltstone with muddy red weathered surfaces. 
0306 196 6 60cm up -  greenish siltstone with muddy red weathered surfaces. 
0307 074 5 10cm up - grey siltstone that coarsens upwards with a dark reddish 
brown muddy weathered surface. 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR04 
Site Comments:  
Laterally the same bed, but ~50 m apart. 
Sampled by: Michelle MacRae, Phil McCausland. 
0401 179 1 Bedding surface - grey siltstone. 
0402 213 1 Up 15cm - no visible fresh surface, but weathered surface is very blocky 
red muds. 
0403 042 5 Same bed as 0402 - dark grey to greenish muddy siltstone mottled 
looking surface with red and white muddy weathering. 
0404 210 1 15cm up - blocky red weathered mudstone with some light green 
throughout. 
0405 206 6 Same bed 0404 - red weathered surface thin layered muddy siltstone. 
0406 071 6 Up 5cm -  dark grey siltstone with muddy red weathered surfaces. 
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Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR05 
Site Comments: 
Sampled by: Michelle MacRae, Phil McCausland. 
0501 240 5 Along river bed area up ~10cm from the water - mottled dark red to 
purple muddy surface - grey siltstone fresh surface. 
0502 064 5 Up 5cm from 0501 - green and red surface with green siltstone. 
0503 245 2 Down in river bed - dark red purple weathered surface, very blocky in 
appearance, muddy siltstone. 
0504 226 1 Maybe same bed - light brownish grey siltstone. 
0505 251 3 Up 5cm from 0504 - dark red weathered surface with grey siltstone. 
0506 304 4 Same bed as 0505 - dark purple-y red blocky mudstone. 
0507 074 6 Same bed as 0505 - dark purple-y red blocky mudstone. 
 
Sample Magnetic 
(Strike) 
Inclination 
(Dip) 
Notes 
SITE BR06 
Site Comments: 
Sampled by: Michelle MacRae, Phil McCausland. 
0601 136 7 Base of site; red mudstone bed is 50 cm above prominent green flaggy 
siltstone beds. 
0602 197 2 Red mudstone 40 cm above 0601. 
0603 234 5 Red mudstone 20 cm above 0602. 
0604 060 7 Green mudstone with purple patches, 45 cm above 0603. 
0605 276 2 Grey to purple siltstone as a prominent 6 cm thick bed, 40 cm above 
0604. 
0606 320 1 Green to grey siltstone, 35 cm above 0605; at foot of metre-sized 
rounded boulder lying in gully stream. 
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Appendix B 
Measurements from the cryogenic magnetometer, measuring NRM measurements and 
each step of thermal/alternating-field demagnetization.  
 
BB0101B1 
Field/Temp Dec. Inc. Moment 
80 155.4 -13.06 1.22E-06 
105 154.95 -16.3 1.22E-06 
200 154.04 -22.08 1.28E-06 
305 153.8 -33.27 1.08E-06 
350 147.69 -36.36 1.02E-06 
450 150.51 -67.99 6.02E-07 
505 296.2 -72.05 4.05E-07 
505 226.02 -72.6 4.60E-07 
520 323.93 -78.27 5.16E-07 
535 9.28 -51.45 4.75E-07 
550 85.15 -50.1 4.84E-07 
565 116.85 -27.18 7.49E-07 
580 72.11 -18.72 8.83E-07 
605 355.51 -68.79 9.77E-07 
620 297.39 -59.71 3.38E-07 
635 187.86 -88.28 2.94E-06 
650 350.55 -48.98 2.59E-07 
670 33.65 -80.45 2.84E-07 
 
BB0101C1 
Field/Temp Dec. Inc. Moment 
0 -154.42 19.58 1.42E-06 
5 154.61 -20.74 1.42E-06 
10 156.28 -21.33 1.43E-06 
15 155.72 -21.88 1.45E-06 
20 156.42 -23.25 1.45E-06 
20 155.87 -23.13 1.43E-06 
80 149.46 -23.9 1.43E-06 
130 144.9 -24.47 1.46E-06 
260 146.67 -67.95 3.07E-06 
305 147.63 -33.94 1.24E-06 
350 149.35 -41.61 9.93E-07 
400 156.11 -47.73 8.41E-07 
450 161.32 -65.2 6.24E-07 
520 297.33 -78.79 4.00E-07 
 132 
550 325.86 -87.41 2.54E-06 
565 315.49 -64.71 4.13E-07 
580 313.92 -60.7 4.22E-07 
620 301.68 -61.96 6.53E-07 
635 317.64 -62.07 6.78E-07 
650 296.2 -22.43 3.22E-07 
670 99.02 -58.81 1.25E-07 
 
BB0102A1 
Field/Temp Dec. Inc. Moment 
0 169.36 16.03 1.06E-06 
5 167.83 4 1.09E-06 
10 164.7 2.16 1.11E-06 
15 178.43 -50.71 2.63E-06 
20 169.6 -1.69 1.16E-06 
80 165.5 -3.08 1.16E-06 
130 177.84 -51.83 2.78E-06 
260 172.55 -13.45 1.02E-06 
305 171.74 -16.93 9.65E-07 
350 179.62 -24.67 8.17E-07 
400 192.03 -31.51 6.58E-07 
450 214.19 -39.88 5.55E-07 
520 245.84 -46.88 5.24E-07 
550 257.6 -44.88 5.15E-07 
565 264.33 -41.94 4.82E-07 
580 275.9 -42.9 4.97E-07 
620 278.11 -34.4 4.30E-07 
635 278.31 -46.56 5.90E-07 
650 259.56 -45.18 6.26E-07 
670 272.56 -40.79 7.39E-08 
 
BB0102B1 
Field/Temp Dec. Inc. Moment 
0 155.54 6.46 1.13E-06 
80 159.05 -1.21 1.15E-06 
105 154.92 -5.15 1.17E-06 
200 161.09 -11.12 1.20E-06 
305 153.17 -25.15 9.73E-07 
350 171.73 -32.42 7.70E-07 
450 193.47 -53.74 5.60E-07 
505 234.66 -62.02 4.64E-07 
505 221.54 -62.6 4.62E-07 
 133 
520 239.08 -61.17 4.51E-07 
535 227.92 -60.36 4.61E-07 
550 243.85 -52.49 4.80E-07 
565 246.77 -48.02 5.24E-07 
580 256.19 -68.13 4.47E-07 
605 262.67 -66.89 6.66E-07 
620 220.13 -74.16 2.62E-06 
635 220.39 -73.76 2.91E-06 
650 279.78 -39.05 3.81E-07 
670 219.41 -75.03 2.42E-06 
 
BB0103A1 
Field/Temp Dec. Inc. Moment 
0 151.26 -0.19 3.54E-06 
80 150.63 -4.35 3.57E-06 
105 152.35 -6.45 3.61E-06 
200 156.06 -9.78 3.98E-06 
305 143.84 -15.9 3.05E-06 
350 146.29 -18.37 2.71E-06 
450 144.98 -31.48 1.41E-06 
505 144.7 -40.59 9.87E-07 
505 146.29 -40.29 1.01E-06 
520 146.29 -45.81 8.27E-07 
535 143.5 -53.65 7.29E-07 
550 93.36 -87.38 5.36E-07 
550 59.42 -72.51 1.05E-06 
565 185.43 -48.46 7.86E-07 
580 121.94 -42.95 6.02E-07 
605 142.49 -63.19 1.06E-06 
620 76.03 -80.93 4.87E-07 
635 65.05 -86.35 3.07E-06 
650 7.3 -73.7 4.12E-07 
670 70.67 -36.99 2.08E-07 
 
BB0103B1 
Field/Temp Dec. Inc. Moment 
0 160.09 -5.99 4.03E-06 
80 159.68 -5.34 4.08E-06 
105 157.24 -5.87 4.09E-06 
200 156.7 -9.35 4.03E-06 
305 149.89 -10.73 3.26E-06 
350 163.34 -17.04 2.39E-06 
450 158.84 -24.42 1.37E-06 
505 199.91 -44.64 7.01E-07 
 134 
505 172.8 -41.71 7.00E-07 
520 173.69 -49.04 6.56E-07 
535 197.62 -43.62 6.09E-07 
550 198.62 -50.69 5.36E-07 
565 301.02 -20.86 1.17E-06 
580 34.65 -52.85 4.26E-07 
605 272.16 81.04 4.55E-06 
620 295.81 -79.9 5.47E-07 
635 87.62 -83.44 5.40E-06 
650 154.03 -64.79 1.26E-07 
670 67.85 49.06 1.17E-07 
 
BB0103C1 
Field/Temp Dec. Inc. Moment 
0 142.08 -6.28 3.43E-06 
80 141.23 -5.04 3.41E-06 
105 140.96 -6.49 3.48E-06 
200 141.34 -10.09 3.52E-06 
305 140.83 -17.29 2.87E-06 
350 140.09 -18.94 2.61E-06 
450 145.25 -34.4 1.34E-06 
505 134.53 -46.55 1.02E-06 
505 138.71 -44.28 9.94E-07 
520 137.74 -54.84 8.70E-07 
535 154.37 -69.01 7.13E-07 
550 132.8 -55.02 7.02E-07 
565 242.45 -72.58 6.20E-07 
580 38.99 -83.43 4.80E-07 
605 315.58 -87.06 6.86E-07 
620 324.57 -73.87 5.93E-07 
635 253.11 -84.32 9.11E-07 
650 298.3 -54.01 2.37E-07 
670 299.89 52.01 3.02E-07 
 
 
BB0103C2 
Field/Temp Dec. Inc. Moment 
0 142.06 7.03 2.74E-06 
5 145.1 1.27 2.89E-06 
10 136.76 -53.04 5.38E-06 
15 134.06 -0.56 2.97E-06 
20 139.11 -2.13 3.02E-06 
80 138.14 -3.32 3.00E-06 
130 134.52 -4.11 3.00E-06 
260 134.04 -7.83 2.71E-06 
 135 
305 134.37 -10.06 2.17E-06 
350 143.58 44.64 2.44E-06 
400 136.09 -14.88 1.57E-06 
450 133.18 -28.07 8.16E-07 
520 122.12 -35.82 5.88E-07 
550 100.95 -43.74 4.43E-07 
565 92.5 -47.89 3.54E-07 
580 77.8 -66.23 4.27E-07 
620 17.04 -40.07 1.99E-07 
635 4.56 -62.39 4.45E-07 
650 355.63 -18.77 2.23E-07 
670 20.8 26.7 1.34E-07 
 
BB0104A1 
Field/Temp Dec. Inc. Moment 
0 353.32 9.51 1.18E-06 
80 352.6 -1.15 1.11E-06 
105 350.71 -5.46 1.06E-06 
200 351.54 -14.82 1.00E-06 
305 347.56 -25.69 9.85E-07 
350 352.3 -28.45 9.84E-07 
450 355.55 -31.9 9.44E-07 
505 347.69 -35.28 8.75E-07 
505 351.03 -33.36 9.08E-07 
520 348.09 -34.92 8.35E-07 
535 349.97 -39.55 8.44E-07 
550 345.41 -32.35 9.71E-07 
565 329.23 -39.19 8.09E-07 
580 343.8 -33.5 8.73E-07 
580 347.89 -36.18 8.62E-07 
605 353.66 -21.93 6.43E-07 
620 348.67 -47.72 8.09E-07 
635 350.65 -55.9 9.48E-07 
650 346.96 -42.92 5.93E-07 
670 346.22 -78.55 2.65E-06 
 
BB0104B1 
Field/Temp Dec. Inc. Moment 
0 299.8 46.92 4.78E-07 
5 299.73 4.23 3.40E-07 
10 307.73 -5.76 4.64E-07 
15 312.08 -13.61 5.79E-07 
20 314.48 -23.08 6.52E-07 
80 313.62 -27.3 6.53E-07 
130 306.98 -30.69 6.64E-07 
 136 
260 305.91 -77.37 2.69E-06 
305 301.9 -42.04 8.01E-07 
350 294.62 -44.72 8.28E-07 
400 298.44 -45.04 8.52E-07 
450 300.8 -46.01 8.44E-07 
520 305.99 -45.73 7.77E-07 
550 303.71 71.07 1.70E-06 
565 308.66 -46.97 7.60E-07 
580 302.49 -47.11 7.67E-07 
620 306.66 -42.91 6.74E-07 
635 298.95 -80.43 2.80E-06 
650 299.69 -74.38 5.78E-07 
670 73.83 -63.91 1.89E-07 
 
BB0104C1 
Field/Temp Dec. Inc. Moment 
0 32.36 16.55 7.69E-07 
80 22.77 5.31 7.26E-07 
105 22.35 0.47 6.85E-07 
200 14.4 -20.24 6.24E-07 
305 3.01 -36.26 7.13E-07 
350 350.76 -43.02 7.73E-07 
450 345.8 -46.94 8.18E-07 
505 342.35 -48.58 8.15E-07 
520 328.1 -53.06 8.18E-07 
535 339.44 -47.93 8.69E-07 
550 327.25 -59.63 8.27E-07 
565 339.69 -51.21 8.71E-07 
580 331.08 -56.95 1.01E-06 
605 327.14 -58.64 9.69E-07 
620 337.08 -51.06 7.36E-07 
635 341.01 -48.08 7.08E-07 
650 325.73 -55.04 7.10E-07 
670 338.44 -60.65 2.97E-07 
 
BB0105A1 
Field/Temp Dec. Inc. Moment 
0 150.09 -4.61 8.90E-07 
80 157.17 -16.53 9.98E-07 
105 148.2 -20.15 1.03E-06 
200 149.51 -28.84 1.10E-06 
305 156.56 -38.63 1.04E-06 
350 151.44 -43.28 9.97E-07 
450 170.77 -77.61 6.65E-07 
505 148.98 -77.4 6.15E-07 
 137 
520 291.9 -71.9 6.83E-07 
535 349.28 -79.57 5.45E-07 
550 121.42 -69.32 5.33E-07 
565 253.68 -64.89 5.79E-07 
580 43.74 -62.16 6.79E-07 
605 189.08 -86.59 3.02E-06 
620 304.37 -62.84 4.65E-07 
635 321.47 -36.37 3.32E-07 
650 324.41 -55.73 5.53E-07 
670 333.51 -43.71 9.77E-08 
 
BB0105B1 
Field/Temp Dec. Inc. Moment 
0 166.48 1.5 9.69E-07 
5 158.41 67.22 2.11E-06 
10 152.25 66.28 2.09E-06 
15 166.75 65.93 2.05E-06 
20 156.03 65.22 2.03E-06 
80 153.87 -17.9 1.10E-06 
130 156.34 -20.22 1.12E-06 
260 161.88 -27.44 1.10E-06 
305 157.27 -36.64 9.80E-07 
350 163.26 -43.83 8.48E-07 
400 169.82 -50.59 7.45E-07 
450 202.16 -66.91 6.03E-07 
520 251.02 -69.48 5.41E-07 
550 213.62 -83.97 2.66E-06 
565 259.28 -68.17 5.44E-07 
580 270.31 -65.77 5.33E-07 
620 276.33 -47.86 4.95E-07 
635 291.61 -73.07 6.30E-07 
650 276.75 -67.2 6.56E-07 
670 207.79 -71 1.98E-07 
 
BB0106D1 
Field/Temp Dec. Inc. Moment 
0 294.67 64.67 3.85E-07 
80 289.94 57.54 2.57E-07 
105 283.05 50.26 2.09E-07 
200 265.63 24.66 1.51E-07 
305 278.19 -22.83 2.18E-07 
350 282.22 -27.43 2.16E-07 
450 290.5 -27.29 2.85E-07 
505 296.73 -25.51 2.72E-07 
520 289.88 -22.85 2.70E-07 
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535 277.43 -25.97 2.75E-07 
550 9.56 6.96 6.23E-07 
565 312.5 -14.24 3.02E-07 
580 282.75 -12.03 2.96E-07 
605 318.73 70.05 1.56E-06 
620 288.89 -22.68 2.53E-07 
635 307.94 -52.66 3.09E-07 
650 306.55 -4.15 2.33E-07 
670 284.47 -19.09 1.43E-07 
 
BB0107A1 
Field/Temp Dec. Inc. Moment 
0 138.13 6.67 2.24E-06 
5 140.81 7.68 2.25E-06 
10 153.91 59.14 5.19E-06 
15 140.85 44.07 3.36E-06 
20 137.15 -45.09 2.93E-06 
80 144.17 -0.27 2.24E-06 
130 146.96 -2.78 2.24E-06 
260 143.05 -8.7 1.94E-06 
305 144.94 -11.63 1.84E-06 
350 139.18 -14.77 1.48E-06 
400 144.99 -20.51 1.01E-06 
450 124.56 -80.89 2.50E-06 
520 181.38 -58.68 3.03E-07 
550 302.05 -80.13 3.61E-07 
565 274.97 -54.93 2.32E-07 
580 298.04 -78.79 3.91E-07 
620 353.97 -79.85 2.59E-06 
635 350.36 -62.36 5.19E-07 
650 20.15 -68.41 5.70E-07 
670 333.74 -74.57 2.73E-07 
 
BB0107B1 
Field/Temp Dec. Inc. Moment 
0 141.64 20.74 2.10E-06 
80 144.02 11.55 1.98E-06 
105 152.26 8.51 1.97E-06 
200 141.85 -0.55 1.91E-06 
305 147.89 -7.64 1.58E-06 
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350 140.28 -7.01 1.22E-06 
450 158.4 -14.51 2.94E-07 
505 200.6 -36.58 1.55E-07 
520 217.69 8.62 1.64E-07 
535 162.8 -36.87 2.41E-07 
550 322.54 -21.51 2.32E-07 
565 284.65 -30.46 1.70E-07 
580 302.77 1.81 3.62E-07 
605 338.31 -79.43 6.38E-07 
620 311.58 -37.01 2.89E-07 
635 353.43 -81.53 2.98E-06 
 
BB0107C1 
Field/Temp Dec. Inc. Moment 
0 134.02 22.26 2.93E-06 
80 143.49 14.92 2.84E-06 
105 127.73 14.42 2.78E-06 
200 131.81 6.97 2.68E-06 
305 143.85 2.01 2.17E-06 
350 144.53 -5.8 1.71E-06 
450 147.47 1.58 5.83E-07 
505 160.14 -2.43 4.81E-07 
520 151.73 9.36 2.91E-07 
535 162.64 10.29 2.56E-07 
550 132.97 -9.02 3.80E-07 
565 356 6.81 3.80E-07 
580 97.24 15.18 4.80E-07 
605 59.9 -61.52 6.28E-07 
620 43.51 -86.03 2.22E-06 
635 320.5 -74.84 5.40E-07 
650 185.6 19.22 5.44E-08 
670 4.3 1.39 1.79E-07 
 
BB0107C2 
Field/Temp Dec. Inc. Moment 
0 132.22 43.45 8.27E-07 
5 130.31 40.42 7.96E-07 
10 132.86 38.31 7.86E-07 
15 131.82 35.71 7.75E-07 
20 131.98 30.89 7.50E-07 
30 133.58 29 7.35E-07 
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40 134.81 27.8 7.25E-07 
60 134.83 21.75 7.05E-07 
80 138.91 18.79 6.99E-07 
100 136.56 13.07 6.94E-07 
120 136.46 9.26 6.93E-07 
140 141.25 7.1 7.09E-07 
130 113.81 -74.34 2.22E-06 
155 138.67 2.27 7.08E-07 
260 153.13 67.42 2.18E-06 
305 138.96 -10.42 5.54E-07 
350 154.59 72.61 2.11E-06 
400 120.05 -14.93 2.66E-07 
450 65.21 -17.93 9.73E-08 
520 27.75 -17.6 1.01E-07 
550 353.73 -2.96 1.50E-07 
565 356.38 -15.28 1.83E-07 
580 336.68 10.85 1.56E-07 
620 1.89 -29.66 1.99E-07 
635 339.95 30.66 2.20E-07 
650 358.08 -42.49 2.21E-07 
670 166.69 66.16 5.97E-08 
 
BB0108A1 
Field/Temp Dec. Inc. Moment 
0 160.76 47.25 1.71E-06 
80 163.06 45.36 1.72E-06 
105 165.55 39.55 1.71E-06 
200 150.59 30.09 1.67E-06 
305 147.99 20.78 1.31E-06 
350 150.77 16.74 1.09E-06 
450 108.16 -9.79 2.93E-07 
505 125.9 -20.17 1.34E-07 
520 112.93 -56.31 1.56E-07 
535 82.91 -26.07 1.98E-07 
550 95.51 -49 1.23E-06 
565 89.39 -3.5 4.89E-07 
580 266.49 -34.93 2.55E-07 
605 100.74 -63.78 2.76E-06 
620 178.91 -83.89 2.76E-07 
635 136.08 -55.71 5.04E-07 
650 345.19 -45.86 1.84E-07 
670 0.93 -50.87 1.97E-07 
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BB0108B1 
Field/Temp Dec. Inc. Moment 
0 157.57 67.58 1.70E-06 
80 158.72 56.51 1.48E-06 
105 153.97 50.08 1.42E-06 
200 150.22 36.78 1.28E-06 
305 139.49 27.18 1.00E-06 
350 139.22 25.48 8.59E-07 
450 140.48 15.33 2.99E-07 
505 183.57 -34.22 4.37E-08 
520 344.57 -12.91 5.45E-08 
535 147.85 22.34 3.15E-07 
550 12.87 -25.87 2.27E-07 
565 235.31 -33.06 5.40E-07 
580 51.65 1.79 2.19E-07 
 
BB0108C1 
Field/Temp Dec. Inc. Moment 
0 176.9 54.94 1.05E-06 
5 157.68 40.21 9.24E-07 
10 161.29 36.85 9.24E-07 
15 161.76 33.25 9.44E-07 
20 134.27 -40.27 2.21E-06 
80 157.57 26.72 9.40E-07 
130 235.13 71.24 2.32E-06 
260 227.9 70.25 2.09E-06 
305 145.3 3.58 8.13E-07 
350 151.04 -0.88 7.26E-07 
400 261.87 67.1 1.92E-06 
450 153.68 -38.83 3.35E-07 
520 150.3 -56.79 2.55E-07 
550 124.19 -69.81 2.95E-07 
565 140.12 -71.53 2.66E-07 
580 229.23 -71.27 2.62E-07 
620 260.52 -53.89 1.69E-07 
635 289.43 56.1 2.09E-06 
650 140.35 -73.09 3.83E-07 
670 176.64 -39.28 2.23E-07 
 
BB0201A1 
Field/Temp Dec. Inc. Moment 
0 308.53 -60.56 6.36E-07 
5 306.87 -61.28 6.48E-07 
10 305.76 -61.98 6.62E-07 
15 305.84 -61.97 6.87E-07 
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20 309.71 -62.07 7.04E-07 
30 309.99 -62.52 6.94E-07 
40 308.64 -62.35 7.41E-07 
60 306.76 -60.89 7.38E-07 
80 310.29 -61.65 7.70E-07 
100 312.21 -63.02 7.92E-07 
120 312.98 -64.44 7.92E-07 
80 304.41 -64.98 8.05E-07 
130 303.01 -65.17 8.11E-07 
260 293.77 -66.96 8.13E-07 
305 306.47 -66.7 8.57E-07 
350 305.3 -67.5 8.53E-07 
400 302.56 -66.84 8.42E-07 
450 308.31 -66.75 8.33E-07 
520 311.61 -67.24 7.77E-07 
550 312.08 -66.42 7.39E-07 
565 306.62 -66.1 7.16E-07 
580 309.59 -66.97 6.72E-07 
620 304.64 -64.89 5.83E-07 
635 337.71 80.8 1.64E-06 
650 302.82 -77.47 8.21E-07 
670 286.24 -61.95 3.85E-07 
 
BB0201C1 
Field/Temp Dec. Inc. Moment 
0 320.78 -32.54 5.52E-07 
5 320.19 -39.42 6.15E-07 
10 323.72 -40.29 6.26E-07 
15 323.27 -41.43 6.23E-07 
20 325.98 -42.85 6.37E-07 
80 320.71 -42.88 6.56E-07 
130 320.75 -44.53 6.59E-07 
260 312.4 -46.97 6.96E-07 
305 314.69 -47.46 6.86E-07 
350 314.44 -48.36 6.99E-07 
400 317.63 -49.07 6.99E-07 
450 322.99 -49.53 6.86E-07 
520 347.65 73.37 1.71E-06 
550 329.25 -48.25 6.21E-07 
565 316.76 -48.14 6.05E-07 
580 325.41 -49.18 5.94E-07 
620 308.51 -48.2 5.35E-07 
635 326.65 -46.84 5.19E-07 
650 305.4 -58.15 6.94E-07 
670 292.45 -48.54 4.75E-07 
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BB0202A1 
Field/Temp Dec. Inc. Moment 
0 145.14 -46.25 6.07E-07 
80 143.76 -52.54 6.87E-07 
105 143.89 -56.45 7.14E-07 
200 145.08 -64.98 7.89E-07 
305 155.15 -66.11 8.81E-07 
350 142.95 -66.52 8.99E-07 
450 151.84 -65.7 8.76E-07 
505 159.39 -63.26 8.31E-07 
535 166.97 -75.92 7.92E-07 
550 171.47 -53.95 1.06E-06 
565 206.05 -64.36 1.05E-06 
580 118.42 -53.47 8.10E-07 
605 122.9 -77.88 3.24E-06 
620 145.46 -70.93 8.25E-07 
635 106.18 -68.97 9.63E-07 
650 141.93 -69.37 6.44E-07 
670 65.65 -26.76 1.15E-07 
 
BB0202B1 
Field/Temp Dec. Inc. Moment 
0 -148.78 27.17 6.76E-07 
5 153.65 -38.8 7.37E-07 
10 152.46 -40.05 7.53E-07 
15 158.98 66.45 1.77E-06 
20 137.25 -43.25 7.84E-07 
80 157.14 -46.16 7.91E-07 
130 153.08 -48.68 8.24E-07 
260 145.89 -55.97 8.93E-07 
305 150.55 -56.6 9.17E-07 
350 147.34 -56.85 9.18E-07 
400 155.14 -57.13 9.19E-07 
450 156.07 -57.13 9.14E-07 
520 149.79 -53.42 8.18E-07 
550 160.84 67.24 1.61E-06 
565 152.33 -56.19 8.06E-07 
580 148.95 -58.46 8.49E-07 
620 154.16 -63.21 8.19E-07 
635 159.22 -55.42 5.78E-07 
650 160.19 -47.71 5.15E-07 
670 353.75 27.12 9.08E-08 
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BB0202C1 
Field/Temp Dec. Inc. Moment 
0 -135.92 42.43 8.26E-07 
80 130.24 -49.56 9.12E-07 
105 130.21 -52.06 9.29E-07 
200 134.46 -57.46 9.73E-07 
305 128.06 -59.16 1.06E-06 
350 129.46 -62.22 1.07E-06 
450 140.56 -62.16 1.08E-06 
505 141.98 -56.69 1.07E-06 
520 118.21 -57.92 9.97E-07 
535 116.23 -53.01 9.90E-07 
550 111.24 -42.68 1.14E-06 
565 74.3 -55.9 9.50E-07 
580 177.19 -49.06 9.36E-07 
 
BB0203A1 
Field/Temp Dec. Inc. Moment 
0 -340.35 33.05 3.67E-07 
80 335.66 -44.51 4.12E-07 
105 334.26 -47.99 4.09E-07 
200 336.33 -57.5 4.62E-07 
305 336.07 -61.7 5.11E-07 
350 355.79 -61.97 5.06E-07 
450 340.98 -59.67 5.35E-07 
505 337.39 -62.79 5.10E-07 
520 334.4 -61.97 5.72E-07 
535 331.8 -69.87 4.85E-07 
550 8.03 -64.9 5.19E-07 
565 313.33 -56.26 5.50E-07 
580 336.97 -53.58 5.63E-07 
605 332.1 -69.02 6.42E-07 
620 325.02 -61.56 5.12E-07 
635 342.06 -65.48 5.49E-07 
650 274.54 -62.49 4.52E-07 
670 313.12 -56.25 2.79E-07 
 
BB0204C1 
Field/Temp Dec. Inc. Moment 
0 75.69 -31.27 4.87E-07 
80 57.45 -41.34 4.77E-07 
105 52.03 -54.76 6.21E-07 
200 43.28 -69.29 8.83E-07 
305 264.59 -78.36 1.04E-06 
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350 251.29 -77.71 1.05E-06 
450 241.17 -50.42 1.19E-06 
505 221.13 -44.89 1.11E-06 
520 231.56 -46.51 1.09E-06 
535 249.89 -44.22 1.20E-06 
550 207.36 -59.94 9.95E-07 
565 224.03 -44.06 1.24E-06 
580 207.02 -49.55 9.79E-07 
605 224.55 -73.36 3.34E-06 
620 221.46 -75.66 2.94E-06 
635 217.61 -70.72 1.24E-06 
650 200.68 -67.52 7.70E-07 
670 210.86 -54.43 7.31E-07 
 
BB0204D1 
Field/Temp Dec. Inc. Moment 
0 130.39 -36.81 3.50E-07 
5 123.91 -54.92 6.28E-07 
10 156.35 -48.43 8.56E-07 
15 161.05 -39.07 1.24E-06 
20 162.55 -42.04 1.39E-06 
80 156.96 -43.75 1.43E-06 
130 160.04 -45.4 1.53E-06 
260 183.37 -74.35 3.57E-06 
305 171.25 -64.47 1.44E-06 
350 196.71 -72.83 1.32E-06 
400 241.52 -77.18 1.27E-06 
450 265.36 -74.21 1.31E-06 
520 300.13 -61.34 1.18E-06 
550 284.42 -62.56 1.18E-06 
565 283.28 -56.29 1.13E-06 
580 281.81 -61.26 1.19E-06 
620 278.66 -60.67 1.25E-06 
635 304.84 75.47 1.39E-06 
650 270.81 -62.83 1.02E-06 
670 282.55 -64.54 3.97E-07 
 
BB0204E1 
Field/Temp Dec. Inc. Moment 
0 128.64 23.23 6.04E-07 
80 120 -10.08 6.20E-07 
105 122.05 -28.71 7.18E-07 
200 116.84 -54.05 9.78E-07 
305 102.09 -70.71 1.05E-06 
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350 66.11 -77.95 1.07E-06 
450 339.94 -62.78 1.07E-06 
505 337.44 -55.78 1.03E-06 
520 338.98 -60.24 9.83E-07 
535 332.13 -52.14 1.10E-06 
550 318.05 -44.73 1.18E-06 
565 308.46 -48.23 1.10E-06 
580 325.32 -61.43 8.37E-07 
605 306.68 -72.86 1.28E-06 
620 320.41 -68.84 9.67E-07 
635 305.4 -78.7 1.13E-06 
650 321.45 -65.82 7.56E-07 
670 313.1 -60.92 6.27E-07 
 
BB0205A1 
Field/Temp Dec. Inc. Moment 
0 -228.53 23.25 1.06E-06 
5 234.36 -68.7 2.50E-06 
10 232.38 -11.5 1.03E-06 
15 231.36 -12.83 1.06E-06 
20 240.39 -14.14 1.06E-06 
80 229.4 -15.41 1.04E-06 
130 233.73 -17.55 1.07E-06 
260 235.47 -32.4 9.63E-07 
305 229.09 -31.91 8.99E-07 
350 230.59 -38.87 7.19E-07 
400 239.68 -49.96 5.15E-07 
450 249.3 -71.15 4.02E-07 
520 64.91 -74.85 3.36E-07 
550 59.77 -59.68 4.28E-07 
565 49.76 -33.55 3.20E-07 
580 32.33 -43.96 2.30E-07 
620 8.86 49.52 3.29E-08 
635 79.57 84.59 2.13E-06 
650 62.73 -72.11 5.97E-07 
670 52.86 -71.22 3.80E-07 
 
BB0205B1 
Field/Temp Dec. Inc. Moment 
0 230.28 21.71 1.34E-06 
80 228.49 9.4 1.25E-06 
105 230.82 3.04 1.24E-06 
200 228.77 -8.33 1.20E-06 
305 223.62 -18.53 9.65E-07 
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350 225.96 -22.82 8.46E-07 
450 226.28 -46.42 3.64E-07 
505 218.91 -64.93 2.56E-07 
520 209.17 -62.25 1.77E-07 
535 224.05 -68.81 3.12E-07 
550 285.32 -49.19 4.25E-07 
565 59.05 -18.34 6.77E-07 
580 51.88 -52.86 2.73E-07 
605 6.29 -88.64 2.79E-06 
620 38.06 -69.95 3.85E-07 
635 50.78 -80.64 6.03E-07 
650 38.88 -36.61 8.09E-08 
670 74.61 -66.4 2.52E-07 
 
BB0205B2 
Field/Temp Dec. Inc. Moment 
0 218.45 58.39 7.99E-07 
80 221.73 44.44 5.63E-07 
105 221.45 31.72 4.82E-07 
200 229.04 -5.09 3.99E-07 
305 220.7 -41.85 3.75E-07 
350 247.72 -54.39 3.20E-07 
450 48.86 -81.58 3.18E-07 
505 50.57 -68.63 2.54E-07 
520 0.14 -51.4 4.34E-07 
535 286.85 -48.8 2.90E-07 
550 22.74 -33.77 5.56E-07 
565 13.88 -6.66 8.92E-07 
580 238.09 -4.49 6.97E-07 
605 14.54 -51.35 1.02E-06 
620 58.21 -51.36 3.36E-07 
635 25.28 -61.53 6.62E-07 
650 33.17 -13.05 2.12E-07 
670 59.29 -54.33 2.85E-07 
650 62.73 -72.11 5.97E-07 
 
BB0206B1 
Field/Temp Dec. Inc. Moment 
0 163.67 17.69 8.04E-07 
5 164.08 14.14 8.03E-07 
10 165.97 11.69 8.15E-07 
15 164.16 8.88 8.43E-07 
20 164.93 5.5 8.38E-07 
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30 160.64 4.1 8.60E-07 
40 161.79 2.75 8.91E-07 
80 139.9 65.8 2.34E-06 
130 158.37 -68.58 2.37E-06 
260 149.83 -20.8 7.93E-07 
305 145.69 -22.19 7.57E-07 
350 141.26 71.67 1.95E-06 
400 180.06 -42.16 4.14E-07 
450 186.72 -48.34 3.51E-07 
520 232.07 -60.48 2.92E-07 
550 290.27 88.8 1.83E-06 
565 266.78 -53.5 4.01E-07 
580 299.62 87.09 1.81E-06 
620 264.17 -61.32 4.53E-07 
635 279.96 -46.12 2.65E-07 
650 281.89 -73.17 5.04E-07 
670 263.1 -46.44 3.22E-07 
 
BB0206C1 
Field/Temp Dec. Inc. Moment 
0 153.97 42.15 7.22E-07 
80 152.55 24.95 6.51E-07 
105 149.15 13.06 6.73E-07 
200 145.55 -4.24 7.13E-07 
305 149.52 -21.72 5.57E-07 
350 154.13 -29.95 4.67E-07 
450 219.56 -82.64 2.38E-07 
505 207.6 -54.31 2.83E-07 
520 284.51 -68.73 2.19E-07 
535 281.82 -42.4 3.09E-07 
550 53.92 -77 2.56E-07 
565 318.76 -20.45 4.97E-07 
580 284.73 -35.85 3.24E-07 
 
BB0206D1 
Field/Temp Dec. Inc. Moment 
0 217.48 77.89 3.38E-07 
80 200.79 64.18 2.08E-07 
105 188.08 47.18 1.64E-07 
200 174.7 -13.29 1.39E-07 
305 194.18 -75.99 1.85E-07 
350 273.89 -78.55 2.07E-07 
450 305.78 -54.62 2.48E-07 
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505 269.73 -43.47 2.78E-07 
520 233.57 -23.44 3.94E-07 
535 281.12 -38.85 2.48E-07 
550 276.98 -41.06 2.94E-07 
565 260.06 -32.98 3.26E-07 
580 251.32 -15.37 3.70E-07 
605 338.82 -68.94 5.42E-07 
635 288.78 -70.15 5.27E-07 
650 292.24 -28.38 2.04E-07 
670 316.87 -41.61 1.83E-07 
 
BB0206E1 
Field/Temp Dec. Inc. Moment 
0 164.89 32.41 7.53E-07 
5 166.87 18.88 6.57E-07 
10 171.01 16.67 6.68E-07 
15 172.47 14.05 6.65E-07 
20 172.14 10.01 6.55E-07 
80 159.22 5.59 6.54E-07 
130 162.05 0.13 6.57E-07 
260 156.75 -14.44 6.55E-07 
305 161.68 -22.41 5.83E-07 
350 164.73 -28.09 4.96E-07 
400 177.59 -43.87 3.35E-07 
450 196.79 -55.91 2.86E-07 
520 234.69 -67.09 2.38E-07 
550 257.77 -83.65 2.43E-06 
565 258.45 -55.78 2.24E-07 
580 264.26 -61.59 3.13E-07 
620 285.23 -6.37 1.73E-07 
635 267.54 -44.79 2.31E-07 
650 280.95 -70.94 5.46E-07 
670 259.37 -69.37 2.09E-07 
 
BB0301A1 
Field/Temp Dec. Inc. Moment 
0 301.45 -19.16 1.19E-06 
5 295.79 -17.06 1.18E-06 
10 298.84 -17.58 1.15E-06 
15 295.93 -16.57 1.13E-06 
20 296.85 -17.61 1.09E-06 
80 292.55 -27.33 8.03E-07 
130 300.72 -36.38 6.25E-07 
260 316.37 -25.87 2.50E-07 
 150 
305 313.18 -16.2 1.29E-07 
350 298.62 -4.5 1.50E-07 
400 288.6 -11.27 1.02E-07 
 
BB0301B1 
Field/Temp Dec. Inc. Moment 
0 313.98 -1.58 1.35E-06 
5 314.17 -1.69 1.34E-06 
10 312.37 -2.13 1.32E-06 
15 313.02 -2.03 1.29E-06 
20 312.18 -2.96 1.23E-06 
80 306.23 -22.26 9.17E-07 
130 306.76 -22.71 7.32E-07 
260 305.55 15.83 1.60E-07 
305 315.73 -2.17 2.06E-07 
350 320.06 4.62 1.90E-07 
400 315.49 4.63 1.56E-07 
 
BB0402A1 
Field/Temp Dec. Inc. Moment 
0 30.31 32.13 5.31E-08 
80 35.1 37.7 6.37E-08 
105 37.99 37.16 5.44E-08 
200 48.39 16.44 3.97E-08 
305 75.71 -20.77 2.07E-08 
350 148.25 -28.48 1.68E-08 
450 281.76 -17.53 2.05E-07 
505 192.82 68.82 1.63E-07 
535 80.28 41.98 2.52E-07 
550 141.49 10.59 8.43E-07 
565 338.71 -22.56 1.05E-06 
580 36.99 19.72 5.69E-07 
605 222.7 86.02 5.70E-06 
620 77.42 -86.6 2.45E-06 
635 30.51 -68.81 2.66E-07 
650 289.66 -76.57 1.94E-07 
670 207.72 7.88 9.72E-08 
 
BB0402A1 
Field/Temp Dec. Inc. Moment 
0 166.73 83.94 6.77E-08 
5 242.2 86.28 5.49E-08 
10 46.91 77.71 4.28E-08 
15 31.74 78.65 2.44E-08 
20 17.65 67.15 1.00E-08 
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30 247.22 33.82 1.10E-08 
 
BB0402D1 
Field/Temp Dec. Inc. Moment 
0 268.28 83.03 9.68E-08 
80 229.25 81.94 5.84E-08 
105 193.88 80.43 5.86E-08 
200 195.52 56.1 2.73E-08 
305 207.92 19.57 1.87E-08 
350 151.82 -35.04 1.29E-08 
450 332 49.15 1.99E-07 
505 288.43 75.05 1.97E-07 
520 200.43 65.34 1.51E-07 
535 212.79 73.4 1.75E-07 
550 310.74 15.73 7.30E-07 
565 230.22 17.14 7.71E-07 
580 312.48 15.45 4.46E-07 
 
BB0405A1 
Field/Temp Dec. Inc. Moment 
0 16.92 75.15 1.06E-07 
80 15.95 68.04 1.02E-07 
105 33.2 74.42 8.13E-08 
200 77.91 82.63 3.24E-08 
305 232.53 -1.96 2.90E-07 
350 235.43 -21.04 2.45E-08 
450 49.83 53.92 2.30E-07 
505 149.85 82.44 5.54E-07 
520 322.49 78.33 3.88E-07 
535 63.09 12.75 6.43E-07 
550 143.07 -1.85 1.48E-06 
565 61.34 4.5 1.55E-06 
580 274.11 16.24 1.70E-06 
 
BB0405B1 
Field/Temp Dec. Inc. Moment 
0 155.19 79.11 1.09E-07 
5 172.51 80.24 8.55E-08 
10 162.37 80.57 6.49E-08 
15 181.54 86.47 4.65E-08 
20 160.02 83.28 3.35E-08 
30 113.78 83.83 2.53E-08 
40 143.29 81.4 2.21E-08 
60 159.9 86.41 1.52E-08 
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80 102.92 75.18 1.13E-08 
100 308.21 70.71 6.95E-09 
 
BB0405D1 
Field/Temp Dec. Inc. Moment 
0 259.98 69.81 7.81E-08 
80 276.22 70.55 7.85E-08 
105 273.85 66.47 5.99E-08 
200 315.66 23.97 4.01E-08 
305 285.1 12.56 4.78E-07 
350 279.12 68.8 1.77E-07 
450 338.36 56.83 3.51E-07 
505 87.93 51.05 3.44E-07 
520 224.53 15.9 2.00E-07 
535 241.56 12.92 2.39E-07 
550 181.29 36.6 5.45E-07 
565 94.18 15.65 8.65E-07 
580 183.22 21.74 9.56E-07 
620 172.73 -79.51 1.66E-06 
 
 
BR0101A1 
Field/Temp Dec. Inc. Moment 
0 161.23 -23.96 2.94E-07 
5 159.89 -37.95 3.37E-07 
10 165.95 -47.87 3.77E-07 
15 163.14 -56.45 4.33E-07 
20 156.32 -61.49 5.07E-07 
80 155.19 -63.87 5.57E-07 
130 150.98 -69.61 6.89E-07 
305 147.99 -69.1 6.77E-07 
350 143.71 -69.66 6.78E-07 
400 148.87 -67.68 6.79E-07 
450 135.9 -68 6.60E-07 
520 136.64 -62.98 6.02E-07 
550 128.26 -83.6 2.75E-06 
565 152.62 -66.51 7.01E-07 
580 151.61 -59.18 5.55E-07 
620 134.04 -69.8 6.61E-07 
635 122.8 -62.81 7.44E-07 
650 135.39 -57.69 5.96E-07 
650 127.07 -69.76 5.77E-07 
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BR0103B1 
Field/Temp Dec. Inc. Moment 
0 286.31 -16.46 9.82E-07 
5 288.21 -21.95 1.02E-06 
10 291 -24.97 1.05E-06 
15 290.69 -28.75 1.09E-06 
20 288.53 -32.48 1.14E-06 
BR0102A1 
Field/Temp Dec. Inc. Moment 
0 351.45 6.16 1.58E-06 
5 352.97 -53.19 2.64E-06 
10 348.61 -3.18 1.54E-06 
15 349.78 -8.3 1.53E-06 
20 345.13 -12.19 1.56E-06 
80 343.35 -19.08 1.59E-06 
130 343.65 45.03 2.14E-06 
260 344.39 -32.32 1.87E-06 
BR0103A1 
Field/Temp Dec. Inc. Moment 
0 292.13 -11.21 1.03E-06 
5 293.66 -17.39 1.06E-06 
10 290.3 -20.32 1.08E-06 
15 285.5 -25.03 1.13E-06 
20 292.94 -29.26 1.18E-06 
80 285.12 -36.13 1.27E-06 
130 284.14 -38.44 1.32E-06 
260 288.36 -44.64 1.52E-06 
305 289.16 -47.41 1.56E-06 
350 285.88 -48.68 1.55E-06 
400 286.45 -49.37 1.54E-06 
450 285.73 -50.42 1.52E-06 
520 282.79 -51.22 1.44E-06 
550 280.75 -55.62 1.42E-06 
565 273.16 -56.8 1.36E-06 
580 272.87 -58.21 1.34E-06 
620 277.73 -55.26 9.51E-07 
635 279.77 -57.63 1.22E-06 
650 280.82 -74.69 3.12E-06 
670 282.12 -57.93 1.08E-06 
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25 289.89 -33.37 1.16E-06 
80 292.04 -39.42 1.23E-06 
130 293.16 -50.07 1.52E-06 
305 290.65 -53.08 1.59E-06 
350 299.13 -53.46 1.57E-06 
400 292.86 -55.21 1.56E-06 
450 281.44 -55.58 1.55E-06 
520 285.41 -59.82 1.54E-06 
550 290.91 -57.7 1.45E-06 
565 305.26 -58.85 1.42E-06 
580 280.35 -57.61 1.39E-06 
620 274.47 -60.83 1.45E-06 
635 277.85 -64.58 1.33E-06 
650 276.85 -62.95 1.41E-06 
670 281 -51.98 9.87E-07 
 
BR0104A1 
Field/Temp Dec. Inc. Moment 
0 275.39 -74.43 7.94E-07 
5 268.53 -76.35 9.74E-07 
10 267.37 -76.64 1.07E-06 
15 266.02 -76.85 1.19E-06 
20 264.11 -78.08 1.32E-06 
80 265.01 -77.81 1.58E-06 
130 276.8 -79.3 1.72E-06 
260 281.14 -83.01 2.06E-06 
305 269.33 -84.1 2.10E-06 
350 247.19 -85.05 2.09E-06 
400 235.76 -84.24 2.06E-06 
450 217.6 -84.99 2.03E-06 
520 202.86 -83.17 1.95E-06 
565 191.4 -81.92 1.79E-06 
580 188.9 -80.82 1.83E-06 
620 183.75 -80.12 1.77E-06 
635 197.2 -80.09 1.77E-06 
650 160.04 -72.96 1.53E-06 
670 147.1 -81.4 1.21E-06 
 
BR0104B1 
Field/Temp Dec. Inc. Moment 
0 64.81 -48.51 7.20E-07 
5 55.72 -59.34 8.32E-07 
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10 40.43 -65.25 8.86E-07 
15 11.98 -69.7 9.71E-07 
20 4.92 -71.85 1.09E-06 
80 345.81 -72.58 1.34E-06 
260 326.33 -87.46 3.95E-06 
305 351.87 -78.48 1.92E-06 
350 7.63 22.65 6.53E-07 
400 9.11 -83.11 1.87E-06 
520 38.82 -85.4 1.71E-06 
550 49.53 -88.41 1.74E-06 
565 39.14 -86.94 1.69E-06 
580 73.64 -87.55 1.72E-06 
620 42.53 -87.01 1.65E-06 
635 352.96 -88.19 1.60E-06 
650 322.99 -72.15 4.05E-07 
670 306.38 -67.17 3.59E-07 
 
 
BR0201A1 
Field/Temp Dec. Inc. Moment 
0 350.32 58.74 6.62E-07 
5 342.84 56.49 6.32E-07 
10 343.76 54.15 6.03E-07 
15 350.25 51.13 5.74E-07 
20 343.65 46.53 5.33E-07 
80 351.34 29.88 4.22E-07 
130 349.12 17.86 4.18E-07 
26 323.38 2.99 1.26E-09 
260 353.83 -2.26 4.33E-07 
305 0.19 -9.88 4.08E-07 
350 308.02 15.58 3.76E-07 
400 356.59 -22.49 3.34E-07 
450 1.57 -31.99 2.72E-07 
520 349.97 -39.22 2.59E-07 
550 341.67 -44.16 2.66E-07 
BR0202A1 
Field/Temp Dec. Inc. Moment 
0 268.78 64.14 8.03E-07 
5 271.15 60.98 6.97E-07 
10 278.47 56 6.13E-07 
15 278.25 49.66 5.17E-07 
20 280.02 40.94 4.35E-07 
80 273.06 31.01 3.87E-07 
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130 283.71 14.25 3.56E-07 
260 271.86 -15.43 3.79E-07 
305 275.99 -18.79 3.73E-07 
350 264.7 -26.14 3.62E-07 
400 266.42 -27.87 3.73E-07 
450 263.62 -35.35 3.58E-07 
520 249.83 -40 3.06E-07 
550 248.5 -40.35 3.37E-07 
565 260.87 -31.77 3.27E-07 
580 236.65 -36.41 3.14E-07 
620 270.37 -26.3 2.76E-07 
635 254.41 -53.53 3.82E-07 
650 251.62 -47.86 3.79E-07 
670 268.93 -47.22 3.39E-07 
    
BR0202D1 
Field/Temp Dec. Inc. Moment 
0 265.36 57.82 6.70E-07 
5 259.08 52.41 5.91E-07 
10 265.46 44.57 5.21E-07 
15 267.64 32.45 4.31E-07 
20 264.01 19.33 3.88E-07 
80 252.39 9.18 3.86E-07 
130 260.08 -5.95 4.03E-07 
260 262.75 -26.8 4.57E-07 
305 266.11 -29.29 4.89E-07 
350 260.18 -34.58 5.15E-07 
400 249.28 -30.99 4.92E-07 
450 254.48 -34.02 5.20E-07 
520 230.25 -27.49 4.66E-07 
550 245.41 -32.86 4.91E-07 
565 241.69 -36.15 4.86E-07 
580 251.05 -42.74 4.59E-07 
620 218.85 -73.1 2.24E-06 
650 238.56 -20.07 3.31E-07 
670 250.18 -51.45 2.98E-07 
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BR0205B1 
Field/Temp Dec. Inc. Moment 
0 356.33 -9.07 4.13E-07 
5 357.11 -19.16 4.21E-07 
10 359.19 -27.37 4.25E-07 
15 355.24 -36.7 4.39E-07 
20 22.31 83.56 1.80E-06 
80 0.51 -53.27 5.26E-07 
130 347.66 -79.86 2.65E-06 
260 355.17 -65.11 6.78E-07 
305 355.46 -66.71 7.18E-07 
350 357.13 -66.26 7.45E-07 
400 357.13 -66.82 7.75E-07 
450 354.68 -66.6 7.56E-07 
520 351.07 -65.74 7.06E-07 
550 6.25 -64.74 7.01E-07 
565 357.71 -65.43 7.02E-07 
580 350.26 -66.11 6.37E-07 
620 338.37 -66.28 6.04E-07 
635 10.16 -55.88 4.24E-07 
650 64.76 86.35 1.77E-06 
670 4.38 -56.46 3.27E-07 
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BR0207B1 
Field/Temp Dec. Inc. Moment 
0 251.15 -41.87 5.45E-07 
5 254.98 -47.76 5.92E-07 
10 250.6 -53.23 6.49E-07 
15 254.29 -57.05 7.12E-07 
20 254.27 -60.07 7.79E-07 
80 254.16 -64.07 8.47E-07 
130 274.34 -65.98 9.09E-07 
260 271.72 -70.05 1.09E-06 
305 268.49 -70.26 1.10E-06 
305 195.19 -72.02 1.29E-06 
350 187.63 -85.73 5.17E-06 
350 258.51 -71.95 1.11E-06 
400 255.55 -72.58 1.12E-06 
450 245.46 -86.71 5.32E-06 
520 253.43 -76.87 1.04E-06 
550 254.56 -77.98 1.04E-06 
565 242.6 -71.74 9.89E-07 
580 251.47 -77.35 9.61E-07 
620 255.95 71.51 1.24E-06 
635 264.09 -69.76 8.24E-07 
BR0207A1 
Field/Temp Dec. Inc. Moment 
0 201.12 -52.72 4.08E-07 
5 196.19 -58.1 4.73E-07 
10 196.85 -62.2 5.39E-07 
15 192.01 -65.82 6.19E-07 
20 194.74 -67.67 6.97E-07 
80 185.36 -68.62 8.28E-07 
130 193.48 -71.82 1.02E-06 
260 192.31 -73.09 1.22E-06 
400 187.14 -70.06 1.33E-06 
450 190.56 -68.21 1.31E-06 
520 174.54 62.7 1.09E-06 
565 176.3 -65.68 1.20E-06 
580 170.4 -63.96 1.21E-06 
620 174.54 -82.84 3.15E-06 
635 180.22 -70.43 1.21E-06 
650 160.97 -61.59 9.41E-07 
670 181.78 -66.39 1.11E-06 
 159 
650 324.56 -71.91 2.75E-07 
670 74.02 -58.17 2.08E-07 
 
 
BR0301A1 
Field/Temp Dec. Inc. Moment 
0 290.89 23.15 3.59E-07 
5 294.15 9.24 3.39E-07 
10 300.21 -0.67 3.46E-07 
15 304.27 -9.85 3.75E-07 
20 309.67 -21.02 3.95E-07 
25 311.29 -25.8 4.00E-07 
80 321.57 -42.84 6.15E-07 
130 327.76 -43.13 6.97E-07 
260 338.61 -46.2 8.44E-07 
305 7.43 -80.12 2.79E-06 
350 343.8 -53.92 7.72E-07 
400 341.55 -59.6 6.67E-07 
450 333.88 -68.66 5.90E-07 
520 348.02 -70.52 4.89E-07 
550 338.7 -76.95 4.28E-07 
580 225.82 -76.41 3.15E-07 
620 335.7 -67.74 3.13E-07 
635 345.23 -69.92 5.20E-07 
650 269.03 -78.92 4.34E-07 
670 0.14 -76.29 4.67E-07 
 
BR0302A1 
Field/Temp Dec. Inc. Moment 
0 145.62 -32.43 1.15E-06 
80 142.39 -36.6 1.20E-06 
105 145.97 -37.56 1.24E-06 
200 147.67 -48.73 1.35E-06 
305 149.09 -54.5 1.43E-06 
350 145.01 -58.29 1.38E-06 
450 151.64 -69.03 1.26E-06 
505 158.68 -69.21 1.16E-06 
505 146 -70.05 1.16E-06 
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520 94.29 -68.28 1.23E-06 
535 166.32 -74.63 1.12E-06 
550 161.6 -71.9 1.07E-06 
565 139.21 -76.74 1.12E-06 
580 154.14 -72.03 1.06E-06 
605 134.64 -74.33 1.27E-06 
620 140.06 -80.17 1.05E-06 
635 139.6 -74.78 1.10E-06 
670 136.25 -65.42 1.73E-07 
 
BR0302B1 
Field/Temp Dec. Inc. Moment 
0 110.1 -3.5 8.98E-07 
5 112.97 -17.26 8.80E-07 
10 121.73 -20.56 8.99E-07 
15 127.99 -23.51 9.55E-07 
20 126.11 -27.58 9.99E-07 
80 118.82 -29.29 1.04E-06 
130 124.04 -33.79 1.08E-06 
260 129.54 -45.77 1.18E-06 
305 123.9 -49.22 1.14E-06 
350 120.45 -53.42 1.10E-06 
400 114.2 -55.59 1.06E-06 
450 107.93 -62.69 9.62E-07 
520 100.98 -66.26 8.72E-07 
550 109.6 -71.68 8.70E-07 
565 117.09 -69.09 7.80E-07 
580 111.98 -71.63 7.63E-07 
620 94.43 -73.09 9.21E-07 
635 95.94 -74.51 8.23E-07 
650 116.1 -75.48 8.47E-07 
670 103.59 -68.37 4.09E-07 
 
BR0303C1 
Field/Temp Dec. Inc. Moment 
0 286.11 -72.33 1.85E-06 
5 288.46 34.27 5.23E-07 
10 288.65 32.03 4.39E-07 
 161 
15 293.25 24.1 3.84E-07 
20 292.66 13.52 3.25E-07 
30 293.74 8.54 2.82E-07 
80 292.19 -9.77 2.53E-07 
130 297.36 -18.34 2.32E-07 
260 297.93 -52.34 2.61E-07 
350 297.01 -52.96 2.84E-07 
400 303.96 -51.23 2.88E-07 
450 289.65 -50.48 2.98E-07 
520 292.03 -46.87 3.24E-07 
550 296.99 -39.47 2.90E-07 
565 277.94 -48.71 3.08E-07 
580 276.47 -48.92 3.66E-07 
620 264.46 -81.85 2.55E-06 
635 282.63 -32.16 2.27E-07 
650 252.53 -58.53 2.50E-07 
670 245.09 -53.15 1.94E-07 
 
BR0304A1 
Field/Temp Dec. Inc. Moment 
0 212.03 33.01 4.86E-07 
5 219.37 20.59 4.34E-07 
10 211.97 5.09 4.17E-07 
15 227.66 -8.83 4.28E-07 
20 223.58 -23.58 4.71E-07 
80 226.4 -32.66 5.37E-07 
130 231.98 -38.68 5.90E-07 
260 242.79 -51.14 7.24E-07 
305 208.28 80.77 1.52E-06 
350 200.9 81.9 1.85E-06 
400 233.6 -55.1 7.74E-07 
450 234.09 -55.6 7.71E-07 
520 230.85 -55.82 7.30E-07 
550 247.92 -76.91 2.87E-06 
565 226.2 -60.36 7.33E-07 
580 222.8 -62.65 6.19E-07 
620 208.51 -71.17 7.71E-07 
635 218.76 -64.01 7.27E-07 
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650 213.6 -61.13 5.37E-07 
670 193.04 -70.62 3.59E-07 
 
BR0305B1 
Field/Temp Dec. Inc. Moment 
0 281.58 -2.1 1.11E-06 
5 279.2 -6.11 1.12E-06 
10 279.55 -8.93 1.12E-06 
15 278.81 -11.03 1.11E-06 
20 277.52 -14.26 1.11E-06 
80 273.56 -20.83 1.14E-06 
130 278.61 -27.43 1.15E-06 
260 277.76 -38.54 1.22E-06 
305 271.71 -41.46 1.20E-06 
350 269.03 -43.88 1.21E-06 
400 261.52 -45.72 1.15E-06 
520 254.37 -47.09 1.11E-06 
550 246.26 -48.85 1.09E-06 
565 242.86 -48.7 1.05E-06 
580 241.15 -46.01 1.02E-06 
620 225.58 -56.33 1.09E-06 
635 230.11 -43.24 1.03E-06 
650 238.12 -49.93 1.08E-06 
670 300.88 -64.69 2.57E-07 
 
BR0305C1 
Field/Temp Dec. Inc. Moment 
0 267.8 7.93 6.36E-07 
5 267.2 0.64 6.43E-07 
10 259.96 -3.51 6.74E-07 
15 255.35 -8.91 6.84E-07 
20 255.34 -14.6 7.14E-07 
80 263.59 -24.7 8.29E-07 
130 290.19 66.99 1.72E-06 
260 262.22 -40.63 1.10E-06 
305 266.27 -44.04 1.09E-06 
350 260.31 -46 1.05E-06 
400 249.62 -46.71 1.06E-06 
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520 232.76 -48.82 9.54E-07 
550 234.65 -48.93 1.04E-06 
565 231.25 -48.16 9.70E-07 
580 229.49 -46.96 9.99E-07 
620 245.56 -45.05 8.33E-07 
635 234.05 -51.25 9.40E-07 
650 241.52 -41.77 7.65E-07 
670 239.68 -58.22 8.06E-07 
 
BR0306A1 
Field/Temp Dec. Inc. Moment 
0 37.71 84.57 7.54E-07 
5 24.7 81.52 6.17E-07 
10 22.42 77.28 5.26E-07 
15 16.69 70.61 4.24E-07 
20 13.75 60.59 3.05E-07 
30 17.76 54.15 2.60E-07 
80 18.93 29.59 2.12E-07 
130 24.71 11.54 2.04E-07 
260 23.42 -28.37 2.59E-07 
305 13.51 -36.58 2.73E-07 
350 321.13 -81.36 2.01E-06 
400 23.05 -48.44 2.93E-07 
450 9.2 -58.29 3.04E-07 
 
BR0306C1 
Field/Temp Dec. Inc. Moment 
5 139.66 55.13 2.41E-07 
10 137.81 44.6 1.83E-07 
15 133.14 20.45 1.18E-07 
20 132.56 -38.54 1.10E-07 
25 134.67 -53.59 1.19E-07 
30 131.84 -56.67 1.55E-07 
80 126.64 -64.62 2.13E-07 
130 142.94 -72.61 2.38E-07 
260 102.69 81.7 1.82E-06 
305 91.14 -85.71 3.52E-07 
350 280.96 -82.29 1.79E-06 
400 66.35 -86.3 3.76E-07 
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450 86.71 -84.41 3.75E-07 
520 79.48 -82.48 3.63E-07 
550 123.58 -84.22 4.01E-07 
565 313.08 -87.21 3.64E-07 
580 5.99 -81.77 3.64E-07 
620 291.94 -79.62 4.14E-07 
635 94.02 81.73 1.71E-06 
650 131.8 -65.13 1.76E-07 
670 190.34 -65.9 1.71E-07 
 
BR0307A1 
Field/Temp Dec. Inc. Moment 
0 27.94 71.48 5.78E-07 
5 35.79 70.59 5.01E-07 
10 31.84 69.14 4.50E-07 
15 35.49 66.69 3.87E-07 
20 41.14 60.63 3.20E-07 
30 40.99 51.82 2.82E-07 
40 39.6 53.1 2.41E-07 
80 42.72 43.08 1.67E-07 
130 46.93 17.21 1.30E-07 
260 49.05 -36.03 1.18E-07 
305 66.17 -48.7 1.38E-07 
350 91.47 -55.18 1.47E-07 
400 90.49 -54.36 1.57E-07 
450 91.78 -54.51 1.57E-07 
520 93.41 -45.62 1.59E-07 
550 103.21 -48.27 2.06E-07 
565 97.79 -46.24 1.79E-07 
580 122.16 -44.29 1.57E-07 
620 101.22 -26.28 1.15E-07 
635 106.7 -35.23 1.43E-07 
650 136.67 -60.93 1.69E-07 
670 8.09 -77.75 1.69E-07 
 
BR0401A1 
Field/Temp Dec. Inc. Moment 
0 17.69 20.7 5.48E-07 
5 30.04 5.8 4.76E-07 
10 34.32 77.08 2.19E-06 
15 33.59 -7.52 4.68E-07 
20 32.53 -17.37 4.76E-07 
 
 165 
BR0401B1 
Field/Temp Dec. Inc. Moment 
0 283.32 50.22 4.93E-07 
80 267 34.44 3.14E-07 
105 260.5 13.72 2.49E-07 
200 238.55 -29.8 2.49E-07 
305 231.36 -55.93 3.50E-07 
350 219.96 -62.8 3.63E-07 
450 251.79 -63.15 3.63E-07 
505 263.01 -69.74 3.37E-07 
505 253.5 -67.35 3.45E-07 
520 286.41 -72.2 3.53E-07 
535 1.94 -74.65 2.98E-07 
550 226.91 -60.44 3.29E-07 
565 246.84 -76.74 2.93E-07 
580 264.08 -63.59 3.02E-07 
605 265.45 -87.24 2.60E-06 
620 230.13 -63.14 3.42E-07 
635 250.79 -59.05 1.86E-07 
650 259.87 -66.35 2.23E-07 
670 254.55 -80.99 2.50E-07 
450 95.53 -77.43 1.85E-06 
670 8.09 -77.75 1.69E-07 
670 74.02 -58.17 2.08E-07 
 
BR0402A1 
Field/Temp Dec. Inc. Moment 
0 121.84 -25.76 9.33E-07 
80 134.21 -34.68 1.23E-06 
105 129.18 -41.14 1.43E-06 
200 132.21 -48.39 1.87E-06 
305 129.62 -59.1 2.11E-06 
350 124.21 -63.29 2.19E-06 
450 129.62 -66.91 2.20E-06 
505 103.38 -64.43 2.16E-06 
505 114.72 -69.66 2.15E-06 
520 137.78 -75.32 2.16E-06 
535 160.37 -77.82 2.04E-06 
550 119.91 -69.46 2.06E-06 
 166 
565 126.52 -68 2.13E-06 
580 120.91 -70.22 2.04E-06 
605 111.19 -82.41 4.34E-06 
620 122.12 -73.04 1.89E-06 
635 120.65 -68.1 1.65E-06 
650 100.7 -67 1.59E-06 
670 61.88 -73.34 1.09E-06 
 
BR0402B1 
Field/Temp Dec. Inc. Moment 
0 266.24 -43.26 7.17E-07 
5 253.22 -61.6 8.26E-07 
10 247.67 76.5 1.39E-06 
15 239.99 76.56 1.30E-06 
20 247.85 -83.87 3.10E-06 
80 234.87 -72.75 1.05E-06 
130 236.55 -84.4 3.22E-06 
260 218.91 -76.35 1.46E-06 
305 226.14 -78.32 1.59E-06 
350 226.05 -77.75 1.56E-06 
400 239.93 -79.17 1.54E-06 
450 242.05 -77.97 1.53E-06 
520 249.59 -77.27 1.48E-06 
550 269.47 -83.9 3.57E-06 
565 242.21 -78.53 1.34E-06 
580 264.78 -76.55 1.30E-06 
620 266.07 -72.77 1.09E-06 
635 265.58 -71.84 1.17E-06 
650 259.74 -78.64 8.25E-07 
670 272.61 -81.34 7.88E-07 
 
BR0402C1 
Field/Temp Dec. Inc. Moment 
0 75.65 -55.59 8.51E-07 
5 80.69 -59.51 9.90E-07 
10 82.06 -58.9 1.09E-06 
15 80.53 -60.63 1.17E-06 
20 82.23 -63.16 1.25E-06 
30 79.95 -65.71 1.31E-06 
40 71.75 -65.51 1.36E-06 
50 72.53 -66.81 1.46E-06 
60 69.8 -68.91 1.49E-06 
75 66.99 -67.86 1.55E-06 
90 68.91 -65.16 1.64E-06 
80 65.14 -66.38 1.72E-06 
 167 
130 65.33 -67.17 1.78E-06 
260 67.75 -68.83 1.97E-06 
305 62.08 -69.06 1.99E-06 
350 59.47 16.19 7.03E-07 
400 53.83 -71.6 2.02E-06 
450 52.18 -72.68 2.01E-06 
520 41.08 -81.38 4.04E-06 
550 38.84 -70.6 1.97E-06 
565 46.5 -71.54 1.98E-06 
580 41.63 -67.66 1.81E-06 
620 45.23 -74.26 1.62E-06 
635 41.53 -71.08 1.71E-06 
650 54.56 -59.87 1.75E-06 
670 15.78 -75.24 7.98E-07 
 
BR0403A1 
Field/Temp Dec. Inc. Moment 
0 277.83 -66.48 6.75E-07 
80 287.59 -71.03 8.36E-07 
105 281.35 -72.74 9.18E-07 
200 253.84 -78.44 1.23E-06 
305 279.12 -79.77 1.53E-06 
350 283.96 -77.47 1.54E-06 
450 279.55 -77.89 1.58E-06 
505 248.45 -75.87 1.58E-06 
505 281.72 -77.15 1.59E-06 
520 275.93 -69.22 1.56E-06 
535 202.09 -84.57 1.53E-06 
550 255.32 -78.24 1.46E-06 
565 269.52 -78.06 1.43E-06 
580 284.27 -80.9 1.45E-06 
605 277.67 -82.2 1.55E-06 
620 284.89 -76.53 1.31E-06 
635 266.13 -77.81 1.23E-06 
650 267.15 -78.19 1.20E-06 
670 296.56 -83.15 8.67E-07 
 
BR0403B1 
Field/Temp Dec. Inc. Moment 
0 -148.91 63.09 5.10E-07 
5 146.05 -73.4 7.20E-07 
10 136.39 -83.14 2.93E-06 
15 124.32 -80.66 8.68E-07 
20 122.53 -82.29 9.97E-07 
80 118.85 -82.6 1.02E-06 
 168 
130 128.09 -82.22 1.13E-06 
260 129.47 -82.71 1.28E-06 
305 136.1 -84.91 1.36E-06 
350 302.07 84.02 7.52E-07 
400 137.44 -87.64 1.46E-06 
450 151.35 -89.52 1.46E-06 
520 299.91 -89.31 1.41E-06 
550 159.28 -88.16 1.33E-06 
565 115.7 -87.77 1.33E-06 
580 203.79 -87.49 1.38E-06 
620 167.57 -86.34 1.36E-06 
635 170.65 -85.96 1.33E-06 
650 164.02 -89.84 1.34E-06 
670 136.21 -88.55 1.01E-06 
 
BR0404A1 
Field/Temp Dec. Inc. Moment 
0 138.39 -77.75 1.16E-06 
80 132.69 -76.88 1.34E-06 
105 135.61 -77.76 1.44E-06 
200 135.14 -76.9 1.72E-06 
305 130.72 -79.92 1.95E-06 
350 126.26 -81 2.00E-06 
450 115.7 -82.04 1.93E-06 
505 93.15 -82.99 1.91E-06 
505 106.81 -86.66 1.92E-06 
520 84.68 -74.91 1.94E-06 
535 51.45 -72.96 1.81E-06 
550 91.47 -84.38 1.79E-06 
565 67.05 -82.01 1.76E-06 
580 90.49 -82.95 1.70E-06 
605 63.35 -83.35 1.95E-06 
620 83.54 -83.14 1.70E-06 
635 79.76 86.85 1.78E-06 
650 133.4 -87.26 5.44E-07 
670 120.6 -83.31 6.34E-07 
670 136.21 -88.55 1.01E-06 
 
BR0404C1 
Field/Temp Dec. Inc. Moment 
0 159.37 -26.03 6.11E-07 
5 158.3 -46.88 8.58E-07 
10 154.99 -47.06 9.36E-07 
15 151.77 -48.09 1.01E-06 
20 155.99 60.8 1.44E-06 
 169 
80 156.84 -53.81 1.16E-06 
130 156.42 -55.61 1.24E-06 
260 156.97 -61.54 1.50E-06 
305 151.07 -63.6 1.53E-06 
350 158.02 46.69 9.68E-07 
400 153.9 -80.47 3.59E-06 
450 163.7 -67 1.51E-06 
520 161.61 -67.62 1.43E-06 
550 151.96 -69.96 1.41E-06 
565 145.52 -70.94 1.36E-06 
580 157.83 -72.49 1.28E-06 
620 147.65 -77.13 1.28E-06 
635 147.51 -71.88 1.01E-06 
650 142.88 -74.14 1.14E-06 
670 141.6 -75.65 9.58E-07 
 
BR0405B1 
Field/Temp Dec. Inc. Moment 
0 280.79 50 6.81E-07 
5 259.46 4 2.60E-07 
10 250.76 -16.66 2.20E-07 
15 232.95 -32.99 2.74E-07 
20 238.21 -49.65 3.61E-07 
80 231.52 -59.62 4.15E-07 
130 216.21 -68.77 6.33E-07 
260 255.99 -83.44 3.05E-06 
305 226.41 -78.64 9.80E-07 
350 245.39 -80.08 1.05E-06 
400 255.57 -80.87 1.10E-06 
450 260.02 -80.29 1.13E-06 
520 271.86 -76.88 1.11E-06 
550 268.59 -76.58 1.13E-06 
565 249.99 -78.54 1.07E-06 
580 256.1 -77.92 1.16E-06 
620 280.26 -82.19 1.19E-06 
650 253.17 -73.41 5.62E-07 
670 243.31 -78.04 7.54E-07 
 
BR0405C1 
Field/Temp Dec. Inc. Moment 
 170 
0 242.88 24.45 6.80E-07 
80 234.23 -2.92 6.36E-07 
105 233.32 -16.47 6.46E-07 
200 208.42 -46.63 8.86E-07 
305 229.19 -64.16 1.16E-06 
350 223.99 -68.95 1.23E-06 
450 243.66 -73.59 1.27E-06 
505 214.96 -74 1.28E-06 
505 235.88 -71.99 1.24E-06 
520 223.41 -73.35 1.26E-06 
535 249.76 -83.86 1.25E-06 
550 200.88 -74.15 1.15E-06 
565 200.18 -77.91 1.24E-06 
580 230.73 -75.15 1.19E-06 
605 259.78 -82.83 3.51E-06 
620 171.16 71.84 1.19E-06 
635 230.22 -78.74 1.21E-06 
650 227.63 -75.28 1.11E-06 
670 267.08 -82.43 2.96E-06 
 
BR0405D1 
Field/Temp Dec. Inc. Moment 
0 237.69 -26.42 4.39E-07 
5 228.64 -57 8.37E-07 
10 209.46 -58.58 9.03E-07 
15 205.42 -60.08 1.01E-06 
20 203.16 -62.75 1.12E-06 
80 202.32 -64.8 1.23E-06 
130 230.51 -50.43 5.38E-07 
130 198.55 -65.66 1.33E-06 
260 196.72 -68.83 1.75E-06 
305 195.51 -71.89 1.85E-06 
350 201.77 -73.26 1.83E-06 
400 207.03 -76.97 1.86E-06 
450 214.4 -76.35 1.83E-06 
520 212.61 -78.27 1.78E-06 
550 214.69 -79.88 1.75E-06 
565 213.96 -80.4 1.65E-06 
580 205.38 -80.38 1.59E-06 
 171 
635 245.88 -80.28 9.97E-07 
670 267.08 -82.43 2.96E-06 
 
BR0406A1 
Field/Temp Dec. Inc. Moment 
0 126.61 -56.01 6.95E-07 
5 130.3 -63.61 8.69E-07 
10 134.16 -64.25 9.20E-07 
15 135.42 -66.04 9.80E-07 
20 136.18 -68.47 1.04E-06 
80 131.02 -69 1.06E-06 
130 131.68 -68.32 1.10E-06 
260 136.44 -69.6 1.20E-06 
305 145.53 -69.11 1.20E-06 
350 136.47 -69.28 1.20E-06 
400 135.07 -70.07 1.18E-06 
450 134.72 -71.22 1.18E-06 
520 144.32 -71.75 1.09E-06 
550 147.81 -71.41 1.08E-06 
565 147.08 -71.5 9.99E-07 
580 154.44 -72.37 1.02E-06 
620 149.13 -68.64 9.05E-07 
635 147.37 -67.85 1.02E-06 
650 141.23 -73.65 8.89E-07 
670 128.57 -72.09 4.26E-07 
 
BR0406B1 
Field/Temp Dec. Inc. Moment 
0 32.09 -76.93 1.36E-06 
80 32.66 -81.32 1.58E-06 
105 41.04 -82.69 1.68E-06 
200 47.23 -83.39 1.94E-06 
305 64.2 -86.07 2.12E-06 
350 67.43 -84.72 2.20E-06 
450 48.37 -82.72 2.13E-06 
505 27.02 -81.15 2.09E-06 
 172 
505 37.79 -81.85 2.09E-06 
520 333.55 -65.32 2.36E-06 
535 24.91 -78.22 2.05E-06 
550 20.63 -79.64 2.03E-06 
565 15.54 -77.47 2.03E-06 
580 47.91 -82.85 1.89E-06 
605 15.6 13.17 4.56E-07 
620 22.82 -80.85 1.82E-06 
635 33.25 -80.67 1.86E-06 
650 30.21 -81.06 1.71E-06 
670 348.92 80.33 4.95E-06 
 
BR0406C1 
Field/Temp Dec. Inc. Moment 
0 183.39 -59.16 1.61E-06 
80 187.66 -62.07 1.89E-06 
105 186.45 -63.87 1.98E-06 
200 182.51 -63.83 2.31E-06 
305 186.84 -69.04 2.64E-06 
350 185.15 -68.74 2.66E-06 
450 195.6 -69.56 2.61E-06 
505 189.25 -67.72 2.43E-06 
505 190.57 -69.45 2.54E-06 
520 179.89 -69.84 2.50E-06 
535 206.56 -61.06 2.57E-06 
550 186.17 -70.23 2.38E-06 
565 193.89 -72.69 2.36E-06 
580 182.25 -71.03 2.33E-06 
605 182.64 -72.08 2.55E-06 
620 196.26 -69.67 2.25E-06 
635 197.87 -69.19 2.26E-06 
650 174.83 -69.17 2.13E-06 
670 169.33 -68.98 1.07E-06 
 
BR0501C1 
Field/Temp Dec. Inc. Moment 
0 136.77 3.45 7.44E-07 
80 145.17 -4.38 7.56E-07 
105 150.5 -15.21 8.24E-07 
200 158.46 -29.37 1.08E-06 
 173 
305 163.12 -43.91 1.04E-06 
350 149.4 -45.5 1.03E-06 
450 160.51 -57.57 7.90E-07 
505 142.46 -65.04 7.00E-07 
505 164.51 -66 7.27E-07 
520 191.78 -70.95 6.68E-07 
535 108.26 -61.22 6.97E-07 
550 169.17 -66.99 6.94E-07 
565 155.86 -68.92 6.55E-07 
580 185.87 -67.16 6.37E-07 
605 147.2 -71.25 7.62E-07 
620 152.29 73.19 1.61E-06 
635 148.41 -71.35 7.32E-07 
650 147.22 -63.5 5.26E-07 
670 157.92 77.45 1.57E-06 
 
BR0502D1 
Field/Temp Dec. Inc. Moment 
0 253.3 47.62 2.16E-06 
5 259.52 44.74 1.91E-06 
10 267.67 45.01 1.69E-06 
15 277.4 48.24 1.36E-06 
20 281.63 40.61 1.13E-06 
30 288.62 37.95 1.07E-06 
40 300.33 36.08 9.37E-07 
50 296.71 32.54 8.99E-07 
60 298.76 33.08 8.73E-07 
75 304.52 27.68 8.07E-07 
90 305.91 27.31 8.59E-07 
80 299.81 25.6 8.11E-07 
130 300.41 24.68 7.99E-07 
260 290.92 19.98 7.75E-07 
305 302.15 69.53 2.54E-06 
350 282.78 -72.09 2.01E-06 
400 298.46 15.58 7.66E-07 
450 300.04 9.86 7.42E-07 
520 299.63 5.36 7.41E-07 
 174 
550 293.77 7.85 7.23E-07 
565 279.76 10.05 6.24E-07 
580 287.97 8 5.95E-07 
620 290.38 10.73 6.17E-07 
635 279.58 -79.47 2.16E-06 
650 296.81 22.71 3.03E-07 
670 292.03 6.54 2.27E-07 
 
BR0502E1 
Field/Temp Dec. Inc. Moment 
0 11.24 53.85 1.56E-06 
80 4.41 52.46 1.45E-06 
105 5.12 51.11 1.34E-06 
200 346.84 45.76 9.51E-07 
305 342.8 32.58 6.86E-07 
350 327.67 27.46 6.21E-07 
450 319.08 10.97 5.80E-07 
505 302.02 3.93 5.51E-07 
505 309.89 1.31 5.25E-07 
520 296.73 0.05 4.95E-07 
535 296.04 0.09 5.79E-07 
550 296.88 -8.61 5.32E-07 
565 294.98 -6.55 5.54E-07 
580 280.04 -11.2 5.49E-07 
605 299.55 -22.73 5.30E-07 
620 296.94 -21.01 5.22E-07 
635 299.91 -10.7 4.74E-07 
650 266.99 -81.25 2.30E-06 
670 277.88 -40.41 4.98E-07 
 
BR0503A1 
Field/Temp Dec. Inc. Moment 
0 112.81 34.27 1.09E-06 
5 125.05 18.29 8.56E-07 
10 120.9 15.32 8.49E-07 
15 119.28 10.48 8.40E-07 
20 118.55 4.72 8.30E-07 
80 113.05 -0.72 8.44E-07 
130 125.32 -5.84 8.56E-07 
 175 
260 123.13 -73.99 2.70E-06 
305 125.16 -38.07 8.75E-07 
350 122.43 -44.66 7.54E-07 
400 90.28 -86.72 4.77E-06 
450 76.12 -65.09 5.65E-07 
520 42.14 -63.96 5.37E-07 
550 37.22 -64.26 4.94E-07 
565 36.09 -63.89 4.79E-07 
580 45.68 -70.7 5.87E-07 
620 26.37 -56.25 3.81E-07 
635 34.39 82.46 1.58E-06 
650 9.66 -70.11 5.03E-07 
670 321.75 -62.54 2.26E-07 
 
BR0503C1 
Field/Temp Dec. Inc. Moment 
0 131.46 30.2 1.27E-06 
80 129.34 18.68 1.18E-06 
105 131.49 9.86 1.19E-06 
200 135.58 -9.54 1.34E-06 
305 138.02 -27.3 1.11E-06 
350 131 -33.52 1.01E-06 
450 124.67 -50.35 6.84E-07 
505 95.12 -53.54 6.92E-07 
505 110.87 -57.82 6.93E-07 
520 257.12 -72.74 5.69E-07 
535 141.48 -40.9 5.47E-07 
550 127.58 -61.11 5.61E-07 
565 149.83 -55 5.94E-07 
580 141.37 -56.69 6.99E-07 
605 145.2 77.76 1.86E-06 
620 95.61 -53.05 6.83E-07 
635 116.14 -52.05 4.64E-07 
650 136.87 -61.77 4.44E-07 
670 158.17 87.58 2.02E-06 
 
BR0504B1 
Field/Temp Dec. Inc. Moment 
 176 
0 273.31 12.58 4.83E-07 
80 261.36 -15.14 5.25E-07 
105 261.55 -23.01 5.21E-07 
200 244.73 -46.98 7.53E-07 
305 248.63 -55.06 9.83E-07 
350 243.84 -54.5 9.96E-07 
450 255.43 -57.3 1.09E-06 
505 269.7 -53.96 1.18E-06 
505 255.21 -57.86 1.13E-06 
520 244.41 -58.26 1.11E-06 
535 254.1 -57.12 1.09E-06 
550 251.64 -58.83 1.08E-06 
565 250.04 -56.84 1.11E-06 
580 264.72 -57.14 1.08E-06 
605 261.87 -61.78 1.25E-06 
620 254.19 -57.8 1.17E-06 
635 257.72 -55.87 1.01E-06 
650 257.46 -57.03 9.43E-07 
670 286.84 -58.07 7.51E-07 
 
BR0504D1 
Field/Temp Dec. Inc. Moment 
0 294.36 22.26 3.62E-07 
5 277.01 -24.94 3.66E-07 
10 279.24 -31.76 3.60E-07 
15 266.28 -35.79 4.10E-07 
20 260.99 -43.99 4.45E-07 
80 241.84 -46.32 4.72E-07 
260 232.69 -62.91 7.80E-07 
305 236.81 -64.66 8.40E-07 
350 247.1 -66.5 9.28E-07 
400 253.49 -64.9 9.51E-07 
450 257.27 -64.78 1.00E-06 
520 257.67 -81.46 3.03E-06 
550 265.76 -81.53 3.05E-06 
565 263.61 -64.54 9.81E-07 
580 256.01 -65.12 9.24E-07 
620 273.1 -81.4 3.08E-06 
635 254.74 -64.16 9.48E-07 
650 257.39 -64.34 9.21E-07 
 177 
670 256.66 -68.43 7.14E-07 
 
BR0505A1 
Field/Temp Dec. Inc. Moment 
0 172.59 -51.03 3.33E-07 
80 146.73 -55.63 5.21E-07 
105 158.14 -56.88 6.31E-07 
200 157.82 -59.95 1.09E-06 
350 158.9 -70.73 1.12E-06 
450 182.32 -77.49 1.03E-06 
505 176.92 -81.66 1.02E-06 
505 170.82 -79.6 1.03E-06 
520 229.42 -86.06 9.59E-07 
535 190.25 -76.1 9.64E-07 
550 211.76 -78.86 9.58E-07 
565 211.25 -79.03 9.97E-07 
580 226.42 -81.45 9.56E-07 
605 226.54 -85.06 1.14E-06 
620 237.44 -77.33 9.86E-07 
635 264.25 -83.22 1.13E-06 
650 201.35 -86.11 1.05E-06 
670 286.09 -72.76 3.49E-07 
 
BR0505B1 
Field/Temp Dec. Inc. Moment 
0 157.2 -46.99 3.85E-07 
80 169.9 -55.73 6.18E-07 
105 168.86 -58.8 7.46E-07 
200 173.86 -63.81 1.18E-06 
350 194.09 -75.12 1.35E-06 
450 229.77 -78.76 1.22E-06 
505 236.73 -79.21 1.24E-06 
505 239.89 -77.88 1.26E-06 
520 204.46 -81.06 1.21E-06 
535 243.26 -79.75 1.22E-06 
550 248.61 -77.85 1.23E-06 
565 244.05 -78.44 1.19E-06 
580 228.97 -78.15 1.21E-06 
605 242.8 -80.31 1.28E-06 
 178 
620 239.4 -82.76 1.13E-06 
635 240.99 -70.3 7.59E-07 
650 249.67 -66.44 7.92E-07 
670 246.72 -78.01 7.86E-07 
 
BR0505C1 
Field/Temp Dec. Inc. Moment 
0 206.83 -15.59 7.36E-07 
5 206.49 -33.44 8.59E-07 
10 205.12 -41.8 8.20E-07 
15 198.94 -49.03 8.34E-07 
20 204.35 -53.05 9.00E-07 
80 199.51 -53.04 9.40E-07 
130 188.07 -54.45 1.04E-06 
260 196.02 -58.01 1.20E-06 
305 196.81 -60.51 1.23E-06 
350 206.95 -62.34 1.22E-06 
400 210.93 -64.59 1.17E-06 
450 350.75 -50.81 1.02E-06 
450 231.64 -64.89 1.13E-06 
520 249.48 -62.99 1.02E-06 
550 249.2 -60.64 9.54E-07 
550 157.15 -42.9 5.24E-10 
565 245.64 -61.33 9.09E-07 
580 238.72 -64.54 9.57E-07 
620 235.96 -66.25 8.79E-07 
635 230.97 -73.35 8.09E-07 
650 225.77 -48.66 3.13E-07 
670 208.48 35.4 1.60E-07 
 
BR0506A1 
Field/Temp Dec. Inc. Moment 
0 196.52 47.69 5.92E-07 
80 197.09 27.11 4.77E-07 
105 183.63 2.94 4.93E-07 
200 183.71 -23.94 6.57E-07 
305 193.11 -41.16 6.84E-07 
350 199.79 -43.13 6.79E-07 
450 210.11 -58.82 6.76E-07 
505 234.49 -52.66 5.24E-07 
 179 
505 228.48 -58.45 6.35E-07 
520 233.35 -62.18 6.19E-07 
535 226.53 -67.96 5.74E-07 
550 216.96 -59.2 6.44E-07 
565 229.67 -63.74 6.55E-07 
580 216.76 -69.49 6.44E-07 
605 238.36 -68.78 7.12E-07 
620 232.61 -68.32 6.52E-07 
635 227.93 -70.05 6.49E-07 
650 236.21 -62.75 5.40E-07 
670 14.51 -84.93 2.36E-07 
 
BR0506B1 
Field/Temp Dec. Inc. Moment 
0 170.57 17.67 6.81E-07 
5 182.36 -6.18 5.94E-07 
10 181.33 -11.9 4.57E-07 
15 203.09 -19.47 4.22E-07 
20 199.52 -27.9 4.16E-07 
80 193.99 -32.93 4.37E-07 
130 187.75 -41.25 5.52E-07 
260 190.66 -54.66 7.24E-07 
305 184.66 -57.83 7.43E-07 
350 198.4 -65.8 7.16E-07 
400 203.58 -70.96 6.86E-07 
450 217.72 -76.38 7.02E-07 
520 359.96 -88.76 2.85E-06 
550 241.43 -80.3 6.99E-07 
565 268.23 -82.66 7.28E-07 
580 252.11 -82.26 7.10E-07 
620 254.91 -80.24 5.70E-07 
635 197.52 -79.09 5.16E-07 
650 3.08 -86.1 5.24E-07 
670 54.05 -78.75 3.39E-07 
 
BR0507B1 
Field/Temp Dec. Inc. Moment 
0 130.92 7.03 1.77E-06 
 180 
5 125.59 -5.58 1.73E-06 
10 134.25 -9.7 1.59E-06 
15 131.98 -9.86 1.59E-06 
20 140.29 -55.54 3.17E-06 
80 131.71 -19.27 1.66E-06 
130 135.95 -22.03 1.72E-06 
260 133.44 -35.25 1.76E-06 
305 135.48 -36.52 1.71E-06 
350 136.8 -40.74 1.53E-06 
400 137.97 -69.69 3.35E-06 
450 126.27 -56.97 1.14E-06 
520 124.82 -61.4 1.10E-06 
550 111.65 -64.69 1.00E-06 
565 103.13 -64.92 1.02E-06 
580 91.07 -69.34 1.09E-06 
620 80.67 -65.56 8.43E-07 
635 108.82 -65.96 6.88E-07 
650 89.52 -72.06 6.72E-07 
670 37.63 -77.56 4.21E-07 
 
BR0507C1 
Field/Temp Dec. Inc. Moment 
0 170.65 11.19 1.14E-06 
80 171.54 -1.47 1.16E-06 
105 167.08 -8.29 1.14E-06 
200 172.64 -23.75 1.31E-06 
305 177.38 -43.06 1.23E-06 
350 178.93 -43.86 1.21E-06 
450 191.91 -58.76 9.17E-07 
505 206.18 -62.2 8.47E-07 
505 198.51 -61.62 8.53E-07 
520 216.24 -55.89 1.15E-06 
535 211.75 -60.84 7.82E-07 
550 208.42 -64.9 8.87E-07 
565 201.21 -67.44 9.17E-07 
580 203.35 -68.46 8.21E-07 
 181 
605 209.66 -71.67 8.51E-07 
620 222.02 -74.47 7.35E-07 
635 194.4 -69.95 8.05E-07 
650 205 -63.98 5.64E-07 
670 204.05 -71.81 5.28E-07 
 
BR0601A1 
Field/Temp Dec. Inc. Moment 
0 149.69 37.31 3.51E-07 
80 156.2 3.93 2.41E-07 
105 144.19 -16.9 2.84E-07 
200 157.56 -40.96 4.92E-07 
305 164.65 -55.55 6.30E-07 
350 170.1 -63.81 5.82E-07 
450 176.08 -68.68 5.54E-07 
505 214.02 -62.63 6.02E-07 
505 159.63 -76.44 5.53E-07 
520 130.2 -62.71 5.71E-07 
535 138.32 -66.12 4.67E-07 
550 169.71 -70.37 4.45E-07 
565 141.4 -73.49 5.30E-07 
580 150.08 -67.69 5.29E-07 
605 176.44 -75.61 6.28E-07 
620 168.34 -68.27 5.84E-07 
635 19.1 86.77 1.64E-06 
650 164.84 -74.29 3.95E-07 
670 174.11 -72.35 4.25E-07 
 
BR0602A1 
Field/Temp Dec. Inc. Moment 
0 92.01 -4.49 3.82E-07 
80 95.74 -22.73 4.53E-07 
105 98.03 -27.93 5.11E-07 
200 101.08 33.29 7.55E-07 
305 100.63 -44.84 7.15E-07 
350 91.93 -50.02 6.83E-07 
450 85.38 -49.01 6.94E-07 
505 72.56 -49.37 6.30E-07 
505 86.75 -47.79 6.59E-07 
520 59.08 -28.34 7.38E-07 
535 73.37 -47.36 6.54E-07 
550 87.69 -44.65 6.19E-07 
565 86.39 -46.52 6.28E-07 
 182 
580 85.26 -47.99 6.17E-07 
605 74.19 -59.38 7.00E-07 
620 83.81 -56.95 7.20E-07 
635 79.22 -48.11 5.67E-07 
650 81.23 -45.6 5.22E-07 
670 84.96 -48.64 5.19E-07 
 
BR0603D1 
Field/Temp Dec. Inc. Moment 
0 248.63 73.71 4.26E-07 
80 188.46 78.31 2.26E-07 
105 164.24 41.73 1.60E-07 
200 147.59 -27.47 4.21E-07 
305 139.76 -55.01 3.94E-07 
350 144.48 -64.39 3.46E-07 
450 336.21 -74.97 2.44E-07 
505 345.79 -51.18 2.43E-07 
505 346.5 -64.88 2.99E-07 
520 187.15 -41.28 5.22E-07 
535 57.19 -74.56 1.99E-07 
550 319.51 -51.69 2.28E-07 
565 332.55 -51.52 2.75E-07 
580 343.09 -56.95 1.59E-07 
605 326.66 -75.62 3.58E-07 
620 56.52 -31.28 7.76E-08 
635 335.62 -88.17 2.39E-06 
650 2.35 -67.25 2.89E-08 
670 76.33 -48.2 4.43E-08 
 
 
BR0604A1 
Field/Temp Dec. Inc. Moment 
0 354.08 82.35 3.20E-07 
80 351.76 84.69 2.39E-07 
105 23.77 83.78 1.81E-07 
200 353.9 47.81 1.06E-07 
 
BR0604B1 
Field/Temp Dec. Inc. Moment 
0 352.02 66.23 2.28E-07 
80 344.9 68.97 1.70E-07 
105 350.43 69.45 1.33E-07 
200 29.62 72.18 5.54E-08 
 183 
305 136.98 -0.62 2.02E-08 
350 191.91 23.56 1.75E-08 
450 288.99 44.88 9.93E-09 
505 291.46 71.28 3.18E-08 
505 335.78 77.49 2.66E-08 
520 170.61 -19.6 1.39E-07 
535 304.5 -23.37 1.28E-07 
550 7.09 18.71 2.43E-08 
565 272.58 21.35 5.45E-08 
580 107.64 -58.03 2.77E-08 
605 160.61 -77.1 8.05E-08 
620 227.4 59.5 2.22E-08 
635 143.83 83.29 1.29E-07 
650 179.49 26.27 6.63E-08 
670 219.37 -80.27 8.51E-08 
 
BR0605A1 
Field/Temp Dec. Inc. Moment 
0 86.24 77.91 3.14E-07 
80 114.94 74.1 2.41E-07 
105 116.19 67.54 1.98E-07 
200 142.3 3.91 1.24E-07 
305 141.91 -14.31 1.26E-07 
350 139.64 -29.29 1.08E-07 
450 130.02 -18.6 5.48E-08 
505 38.74 22.2 4.09E-08 
505 122.27 -5.27 8.18E-08 
520 353.4 -8.66 9.37E-08 
535 139.22 50.05 1.31E-07 
550 188.6 44.02 9.89E-08 
565 269.81 86.1 7.77E-08 
580 294.65 -1.58 5.20E-08 
605 290.32 -86.06 1.72E-07 
620 64.78 -47.93 1.29E-07 
635 205.77 88.27 1.99E-06 
650 200.63 55.06 5.45E-08 
670 246.97 -7.45 3.36E-08 
 
BR0605B1 
Field/Temp Dec. Inc. Moment 
0 155.45 46.09 2.79E-07 
0 160 36.23 2.06E-07 
5 165.62 28.52 2.08E-07 
10 169.22 14.27 2.26E-07 
15 170.18 -0.45 2.26E-07 
 184 
20 173.28 -18.03 2.38E-07 
30 172.64 -25.19 2.39E-07 
40 181.31 -25.53 2.24E-07 
50 180.66 -25.03 2.26E-07 
60 180.14 -27.25 2.07E-07 
75 183.65 -29.34 2.00E-07 
90 191.61 -30.55 1.86E-07 
80 188.77 -31.77 1.94E-07 
130 189.91 -32.94 2.05E-07 
260 196.24 -35.63 2.24E-07 
305 180.29 -38.84 2.17E-07 
350 182.61 -87.84 2.26E-06 
400 184.45 -38.93 1.95E-07 
450 188.7 83.56 2.04E-06 
520 183.17 -29.84 1.61E-07 
550 65.51 -89.54 4.38E-06 
565 160.18 -46.52 2.61E-07 
580 207.65 -62.27 2.08E-07 
620 159.99 -1.88 2.41E-07 
635 207.25 27.17 1.40E-07 
650 157.37 -65.28 2.56E-07 
670 180.89 -59.12 2.20E-07 
 
BR0605C1 
Field/Temp Dec. Inc. Moment 
0 137.66 59.45 2.37E-07 
80 138.32 38.48 2.03E-07 
105 137.07 21.98 1.91E-07 
200 146.53 -17.43 2.41E-07 
305 146.51 -35.73 2.77E-07 
350 139.61 -34.67 2.48E-07 
450 161 -44.93 1.88E-07 
505 153.76 -26.45 1.90E-07 
505 157.12 -38.85 1.79E-07 
520 190.66 -47.15 2.28E-07 
535 144.95 -45.53 1.36E-07 
550 138.94 -35.52 1.61E-07 
565 107.95 -14.22 1.49E-07 
580 169.87 -30.15 1.48E-07 
605 150.08 -73.84 2.79E-07 
620 132.13 -75.39 1.13E-07 
635 155.01 4.3 8.85E-08 
650 85.17 -88.58 2.28E-06 
670 20.96 -88.21 2.19E-06 
 
 185 
BR0606B1 
Field/Temp Dec. Inc. Moment 
0 87.38 79.99 2.94E-07 
80 94.14 78.53 2.35E-07 
105 118.07 73.82 1.60E-07 
200 139.04 32.25 1.08E-07 
305 167.31 -5.32 7.58E-08 
350 173.21 -21.12 9.06E-08 
505 165.71 10.76 2.59E-07 
505 306.55 73.24 7.81E-08 
520 322.08 -2.77 5.40E-07 
535 168.86 8.38 9.12E-07 
550 207.64 57.99 4.17E-08 
565 248.1 9.87 8.13E-08 
580 318.93 -38.33 1.06E-07 
605 135.37 -84.67 2.11E-07 
620 322.66 -30.78 4.86E-08 
635 349.35 -44.59 1.85E-07 
650 47.56 64.47 4.65E-08 
670 84.43 -62.2 3.93E-08 
 
BR0606C1 
Field/Temp Dec. Inc. Moment 
0 95.14 70.98 3.50E-07 
80 105.4 68.93 3.10E-07 
105 102.21 64.92 2.63E-07 
200 129.08 30.87 1.60E-07 
305 134.89 -0.61 1.44E-07 
350 109.4 7.65 1.53E-07 
450 126.04 4.34 8.23E-08 
505 87.68 20.43 1.02E-07 
505 143.32 30.02 5.57E-08 
520 268.45 -26.04 3.43E-08 
535 59.42 9.88 2.37E-07 
550 95.79 27 3.62E-08 
565 99.74 -0.03 4.77E-08 
580 269.74 40.82 3.19E-09 
605 85.29 -88.34 2.32E-06 
620 80.87 -88.76 2.13E-06 
635 253.07 -73.33 1.32E-07 
650 134.24 82.59 7.22E-08 
670 359.92 -33.98 4.03E-08 
 
 
 
 186 
 
GR010101 
Field/Temp Dec. Inc. Moment 
0 45.52 20.97 3.99E-06 
5 49.55 15.09 3.14E-06 
10 56.67 12.49 2.54E-06 
15 43.68 21.08 1.98E-06 
20 40 22.45 1.81E-06 
80 34.57 23.45 1.82E-06 
130 37.99 59.46 3.32E-06 
260 36.45 20.06 1.93E-06 
305 36.67 18.08 1.84E-06 
350 44.65 18.49 1.90E-06 
400 19.75 -41.55 2.18E-06 
450 26.71 24.74 1.71E-06 
520 47.52 10.34 7.95E-07 
550 108.1 17.36 4.29E-07 
565 97.85 20.2 3.90E-07 
580 87.75 30.86 3.37E-07 
620 101.77 -19.76 2.58E-07 
635 116.63 -9.92 2.11E-07 
650 237.39 46.65 2.93E-07 
670 227.36 19.1 2.33E-07 
 
GR010102 
Field/Temp Dec. Inc. Moment 
0 -316.84 38.88 2.62E-06 
5 337.33 -24.01 2.06E-06 
10 347.05 -62.41 3.16E-06 
15 1.41 -57.71 2.93E-06 
20 351.35 4.39 1.43E-06 
80 356.15 2.44 1.42E-06 
130 348.4 1.21 1.44E-06 
260 349.16 -3.12 1.62E-06 
305 1.67 49.74 2.46E-06 
350 354.75 66.22 4.31E-06 
400 358.53 -7.11 1.93E-06 
450 3.51 -12.57 1.83E-06 
520 352.63 -24.54 9.78E-07 
550 347.87 -32.29 6.38E-07 
565 2.46 -17.99 6.44E-07 
580 2.42 -7.97 6.46E-07 
620 337.86 -38.74 5.85E-07 
635 315.07 -24.9 4.99E-07 
 187 
650 286.12 10.2 4.64E-07 
670 280.32 -32.87 5.15E-07 
 
GR010202 
Field/Temp Dec. Inc. Moment 
0 16.3 21.06 1.44E-06 
5 14.68 15.34 1.35E-06 
10 14.31 12.87 1.21E-06 
15 28.24 68.09 2.67E-06 
20 27.88 15.73 9.89E-07 
80 22.69 13.4 9.81E-07 
130 22.97 67.1 2.49E-06 
260 21.83 -0.07 1.07E-06 
305 19.86 -9.38 1.09E-06 
350 8.5 -8.79 1.14E-06 
400 6.86 -5.21 1.04E-06 
450 25.59 -2.01 8.85E-07 
520 30.98 -0.78 6.79E-07 
550 45.24 -9.14 6.96E-07 
565 42.38 -74.01 2.36E-06 
580 35.87 -20.11 5.50E-07 
620 52.73 -24.1 5.49E-07 
635 67.34 -35.36 4.29E-07 
650 75.61 14.79 2.45E-07 
670 71.06 -46.12 3.85E-07 
 
GR010206 
Field/Temp Dec. Inc. Moment 
0 267.94 16.93 1.83E-06 
5 272.54 7.53 1.70E-06 
10 283.82 6.99 1.63E-06 
15 278.72 2.6 1.50E-06 
20 292.72 -2 1.50E-06 
80 289.76 -56.59 2.68E-06 
130 287.14 -5.34 1.53E-06 
260 291.55 -10.43 1.63E-06 
305 293.33 -13.31 1.77E-06 
350 282.81 -13.33 1.78E-06 
400 286.32 -12.04 1.95E-06 
450 278.75 -9.43 1.72E-06 
520 274.98 -14.14 1.46E-06 
550 248.33 -17.61 7.58E-07 
565 260.95 -14.8 7.66E-07 
580 256.75 -15.41 8.19E-07 
 188 
620 251.24 -22.24 7.56E-07 
635 266.82 -16.42 5.04E-07 
650 268.23 -26.35 4.33E-07 
670 163.47 57.75 1.81E-07 
 
GR010301 
Field/Temp Dec. Inc. Moment 
0 194.15 -82.35 2.24E-06 
5 203.88 82.87 1.97E-06 
10 187.3 -85.93 2.32E-06 
15 172.56 -40.04 1.81E-07 
20 172.06 -14.11 1.91E-07 
80 170.28 -14.7 1.86E-07 
130 173.13 -9.22 1.98E-07 
260 200.28 16.8 1.92E-07 
305 246.32 38.85 1.52E-07 
350 257.8 24.43 1.91E-07 
400 232.56 31 1.25E-07 
450 245.01 41.94 1.46E-07 
520 193.08 27.37 7.54E-08 
550 143.45 14.63 1.38E-07 
565 161.5 41.27 1.51E-07 
580 142.33 31.05 1.46E-07 
620 204.69 67.7 2.49E-07 
635 202.88 35.71 1.57E-07 
650 351.06 71.18 3.03E-07 
670 345.57 25.31 1.10E-07 
 
GR010302 
Field/Temp Dec. Inc. Moment 
0 190.79 12.7 7.97E-07 
5 192.88 7.32 6.94E-07 
10 198.57 6.59 6.14E-07 
15 191.89 2.08 5.74E-07 
20 203.11 -1.43 6.30E-07 
80 203.37 -1.76 6.35E-07 
130 200.07 0.35 6.44E-07 
260 203.9 9.81 6.87E-07 
305 203 -70.44 2.11E-06 
350 198.06 8.52 7.66E-07 
400 196.48 16.62 7.67E-07 
450 197.15 15.94 7.67E-07 
 189 
520 171.9 2.95 5.62E-07 
550 173.88 0.7 5.68E-07 
565 165 0.02 5.57E-07 
580 163.12 9 4.48E-07 
620 142.85 9.66 3.19E-07 
635 173.22 17.59 3.72E-07 
650 168.92 17.95 4.04E-07 
670 154.67 35.06 3.34E-07 
 
GR010404 
Field/Temp Dec. Inc. Moment 
0 13.35 -7.85 3.62E-06 
5 15.29 -14 3.48E-06 
10 11.96 -15.24 3.49E-06 
15 17.01 -16.59 3.40E-06 
20 18.93 -21.4 3.51E-06 
80 17.51 -21.78 3.56E-06 
130 13.31 -22.05 3.62E-06 
260 10.41 -23.26 4.02E-06 
305 35.71 -89.47 2.28E-06 
350 15.21 -26.31 4.42E-06 
400 29.49 -27.05 4.79E-06 
450 7.02 -28.19 4.44E-06 
520 20.22 -31.25 2.60E-06 
550 31.33 -32.05 2.23E-06 
565 30.22 -26.62 2.34E-06 
580 33.85 -27.22 2.08E-06 
620 13.87 -30.6 2.03E-06 
635 17.68 -24.05 1.84E-06 
650 14.1 -22.98 1.87E-06 
670 7.03 -31.58 1.62E-06 
 
GR010407 
Field/Temp Dec. Inc. Moment 
0 354.85 1.57 1.46E-06 
5 5.06 -40.81 1.37E-06 
10 353.16 -31 1.59E-06 
15 349.97 48.33 2.17E-06 
20 351.7 -16.43 1.45E-06 
80 345.63 -17.62 1.49E-06 
130 349.95 -19.65 1.51E-06 
260 354.26 -21.01 1.77E-06 
305 350.12 -24.38 1.77E-06 
 190 
350 349.23 -25.72 1.74E-06 
400 350.68 -26.65 1.77E-06 
450 349.65 -32.2 1.65E-06 
520 354.18 -40.51 1.09E-06 
550 348 -51.96 6.18E-07 
565 1.34 -54.76 6.37E-07 
565 335.77 -54.37 6.39E-07 
580 339.96 -53.24 6.52E-07 
620 334.8 -57.61 6.94E-07 
635 345.36 -55.4 4.68E-07 
650 343.04 -62.58 2.78E-07 
670 254.98 -64.63 1.94E-07 
 
GR010501 
Field/Temp Dec. Inc. Moment 
0 115.88 2.93 7.23E-07 
5 123.06 13.68 7.11E-07 
10 126.96 20.48 8.70E-07 
15 120.28 18.95 9.65E-07 
20 124.74 19.95 1.01E-06 
80 127.9 18.71 1.03E-06 
130 131.84 20.62 1.13E-06 
260 118.95 22.68 1.29E-06 
305 113.54 26.56 1.32E-06 
350 116.86 -51.46 1.96E-06 
400 122.62 26.39 1.35E-06 
450 115.55 29.66 1.26E-06 
520 134.04 -78.98 1.88E-06 
550 121.28 87.12 4.48E-06 
565 124.85 35.91 3.59E-07 
580 122.89 50.74 3.27E-07 
620 80.29 33.07 4.34E-07 
635 348.15 75.24 3.07E-07 
650 45.12 68.04 4.96E-07 
670 60.76 73.58 4.32E-07 
 
GR010505 
Field/Temp Dec. Inc. Moment 
0 8.71 25.01 1.07E-06 
5 15.12 14.41 9.32E-07 
10 13 11.73 9.26E-07 
15 17.05 6.71 8.23E-07 
20 24.2 2.04 8.00E-07 
80 20.41 -2.44 8.30E-07 
 191 
130 15.23 -7.68 8.15E-07 
260 11.06 -14.91 8.87E-07 
305 6.8 -15.44 9.29E-07 
350 4.19 -18.77 1.05E-06 
400 3.45 -22.03 1.01E-06 
450 15.44 64.71 1.97E-06 
520 51.23 -16.45 7.44E-07 
550 60.92 -20.47 7.67E-07 
565 70.73 -74.27 2.48E-06 
580 91.68 -39.07 4.78E-07 
620 71.9 -16.27 4.72E-07 
635 47.48 -54.08 3.65E-07 
650 89.71 4.75 3.42E-07 
670 155.44 -5.98 2.83E-07 
 
GR020201 
Field/Temp Dec. Inc. Moment 
0 55.45 89 2.46E-06 
5 66.43 82.45 2.95E-07 
10 57.25 83.03 2.58E-07 
15 27.47 69.25 2.48E-07 
20 61.82 -87.82 1.97E-06 
80 50.14 62.43 1.61E-07 
260 39.41 41.49 1.44E-07 
305 31.5 36.76 1.27E-07 
350 13.98 22.72 1.30E-07 
400 45.4 59.54 6.86E-08 
450 74.81 48.11 6.30E-08 
520 68.02 56.31 1.12E-07 
550 60.53 24.85 8.63E-08 
565 48.31 89.03 2.22E-06 
580 56.7 28.83 6.01E-08 
620 201.41 8.28 1.93E-08 
 
GR020202 
Field/Temp Dec. Inc. Moment 
0 246.39 83.98 3.02E-07 
5 283.22 83.33 2.69E-07 
10 237.31 86.44 2.43E-07 
15 276.89 86.99 2.23E-07 
20 317.71 78.31 1.44E-07 
80 312.91 74.66 1.35E-07 
130 309.33 71.3 1.14E-07 
260 202.83 79.77 5.95E-08 
 192 
305 176.31 10.02 7.11E-08 
350 172 20.85 9.00E-08 
400 171.28 5.5 1.01E-07 
 
GR020301 
Field/Temp Dec. Inc. Moment 
0 111.57 37.9 1.12E-06 
5 106.39 31.4 8.09E-07 
10 100.65 26.75 7.79E-07 
15 101.27 19.17 7.01E-07 
20 110.4 16.22 5.54E-07 
80 105.7 12.94 5.45E-07 
130 115.5 9.57 5.45E-07 
260 112.05 1.34 4.84E-07 
305 112.57 1.42 5.58E-07 
350 102.24 -0.02 5.57E-07 
400 110.47 -0.22 5.41E-07 
520 103.17 6.52 4.32E-07 
550 97.74 0.86 4.18E-07 
565 100.67 -8.83 3.66E-07 
580 101.04 -9.52 3.66E-07 
620 85.87 -10.98 3.16E-07 
635 184.67 42.86 8.65E-08 
650 334.28 -60.6 1.98E-07 
670 58.98 6.79 1.29E-07 
 
GR020302 
Field/Temp Dec. Inc. Moment 
0 180.11 16.3 1.05E-06 
5 189.36 13.79 9.29E-07 
10 210.21 14.1 8.20E-07 
15 210.16 8.79 6.98E-07 
20 216.23 -1.12 6.92E-07 
80 213.46 -4.68 6.90E-07 
130 217.1 -4.48 6.90E-07 
260 214.16 -8.11 6.67E-07 
305 216.78 -14.18 6.52E-07 
350 193.69 -15.47 6.82E-07 
400 194.75 -21.63 6.80E-07 
450 198.93 -18.17 4.50E-07 
520 222.28 -2.25 4.04E-07 
550 214.28 80.75 2.20E-06 
565 216.5 28.17 2.87E-07 
580 230.75 33.67 2.94E-07 
620 246.21 34.43 2.22E-07 
 193 
635 305.85 51.15 1.18E-07 
650 350.94 -40.19 3.41E-07 
670 154.42 -57.72 1.46E-07 
 
GR020401 
Field/Temp Dec. Inc. Moment 
0 357.31 40.77 6.19E-07 
5 30.69 42.52 7.24E-07 
10 42.79 -64.37 1.85E-06 
15 37.83 27.63 7.04E-07 
20 62.04 18.89 8.85E-07 
80 60.07 17.65 8.85E-07 
130 61.34 15.96 8.46E-07 
260 64.9 10.46 7.27E-07 
305 62.16 8.29 7.21E-07 
350 61.5 8.5 7.31E-07 
400 65.48 6.31 8.90E-07 
450 54.24 -0.67 7.99E-07 
520 40.44 8.12 6.54E-07 
550 45.86 -3.74 4.87E-07 
565 42.54 5.9 4.17E-07 
580 60.19 0.46 4.00E-07 
620 49.76 -78.86 1.88E-06 
635 60.77 30 4.23E-07 
650 137.07 -5.1 1.72E-07 
670 35.09 -80.62 2.49E-07 
 
GR020405 
Field/Temp Dec. Inc. Moment 
0 134.31 -86.63 1.57E-06 
5 173.26 60.34 6.77E-07 
10 193.87 42.48 6.27E-07 
15 148.63 47.8 7.54E-07 
20 173.76 37.05 5.41E-07 
80 159.58 34.61 5.11E-07 
130 160.98 -77.11 1.94E-06 
260 171.52 20.92 4.96E-07 
305 169.16 14.47 5.05E-07 
350 149.34 75.58 2.21E-06 
400 164.32 0.54 5.37E-07 
450 151.22 -13.27 5.59E-07 
520 144.62 -2.18 6.13E-07 
550 139.65 -16.51 4.94E-07 
565 149.65 -10.41 4.95E-07 
580 149.76 -16.58 4.97E-07 
 194 
620 149.04 -19 4.85E-07 
635 176.07 41.43 1.40E-07 
650 203.41 -2.96 4.37E-07 
670 3.98 53.86 2.07E-07 
 
GR020501 
Field/Temp Dec. Inc. Moment 
0 309.05 67.11 8.81E-07 
5 313.72 54.15 6.65E-07 
10 302.01 57.6 5.93E-07 
15 308.65 52.93 5.05E-07 
20 304.28 32.62 2.19E-07 
80 306.56 24.13 2.06E-07 
130 305.46 15.68 1.64E-07 
260 277.86 -86.22 2.24E-06 
305 294.01 -17.36 1.81E-07 
350 325.42 38.77 1.85E-07 
400 304.41 32.64 1.52E-07 
450 335.01 32.84 2.07E-07 
520 297.22 53.36 2.13E-07 
550 57.84 -27.67 2.10E-07 
565 115.72 13.17 3.21E-07 
580 98.33 5.97 1.83E-07 
620 172.84 -49.13 2.09E-07 
635 134.62 -29.32 1.50E-07 
650 57.18 68.94 3.23E-07 
670 153.57 51.99 3.47E-07 
 
GR020503 
Field/Temp Dec. Inc. Moment 
0 280.17 26.66 8.09E-07 
5 275.73 20.16 7.52E-07 
10 273.03 16.98 7.14E-07 
15 279.98 11.47 6.85E-07 
20 285.2 75.4 2.41E-06 
80 288.1 15.72 6.15E-07 
130 286.03 7.47 5.95E-07 
260 289.68 2.63 5.29E-07 
305 287.18 4.26 4.23E-07 
350 305.8 4.66 4.42E-07 
400 295.44 -0.86 2.99E-07 
450 306.47 -19.04 3.49E-07 
520 282.41 -38.65 4.54E-07 
550 278.03 -82.14 2.32E-06 
565 298.46 -80.1 2.39E-06 
 195 
580 294.32 -4.48 3.53E-07 
620 297.88 -32.88 3.95E-07 
635 314.44 -5.92 3.64E-07 
650 318.12 0.54 2.52E-07 
 
GR030101 
Field/Temp Dec. Inc. Moment 
0 -162.76 57.39 1.28E-05 
5 160.55 -63.95 1.57E-05 
10 160.28 -59.85 1.39E-05 
15 157.5 -58.34 1.42E-05 
20 160.63 -54.59 1.23E-05 
80 155.67 -59.5 1.42E-05 
130 165.59 -59.58 1.44E-05 
260 159.22 -60.72 1.39E-05 
305 165.66 -60.97 1.33E-05 
350 167.08 -64.78 1.46E-05 
400 156.92 -61.38 1.15E-05 
450 163.47 -61.43 9.57E-06 
520 159.92 -51.07 5.28E-06 
550 149.7 -65.73 4.60E-06 
565 160.1 -64.97 4.26E-06 
580 156.86 -65.62 4.24E-06 
620 335.26 -21.05 3.68E-07 
635 354.54 -66.31 8.40E-07 
650 319.98 -1.23 3.33E-07 
670 319.78 7.59 4.67E-07 
 
GR030102 
Field/Temp Dec. Inc. Moment 
0 170.9 -61.54 9.80E-06 
5 166.61 -61.96 9.93E-06 
10 159.19 -61.63 1.00E-05 
15 165.93 -61.38 1.02E-05 
20 163.67 -54.04 8.29E-06 
80 165.97 -61.03 1.01E-05 
130 166.41 -61.45 1.01E-05 
260 169.99 -62.14 1.01E-05 
305 175.18 -56.02 7.96E-06 
350 171.58 -55.27 7.60E-06 
400 164.66 -62.27 8.85E-06 
450 165.54 -65.17 7.32E-06 
520 169.74 -65.62 5.81E-06 
550 177.4 -67.99 4.54E-06 
565 210.04 -70.85 2.67E-06 
 196 
580 203.15 -70.48 2.59E-06 
620 190.49 -26.32 8.53E-07 
635 251.3 -68.48 1.18E-06 
650 274.29 -25.1 6.58E-07 
670 253.71 0.87 2.94E-07 
 
GR030203 
Field/Temp Dec. Inc. Moment 
0 -306.15 46.56 8.97E-06 
5 315.61 -50.47 9.44E-06 
10 316.79 -51.78 9.29E-06 
15 317.24 -49.88 9.41E-06 
20 314.4 -51.68 1.00E-05 
80 312.01 -58.35 1.18E-05 
130 316.64 -43.43 8.35E-06 
260 315.87 -52.54 9.11E-06 
305 321.97 -51.6 8.51E-06 
350 326.29 -51.7 7.22E-06 
400 312.67 -53.71 6.08E-06 
450 317.23 -52.27 5.09E-06 
520 312.17 -53.52 2.11E-06 
550 306.21 -55.89 1.89E-06 
565 307.29 -54.89 1.50E-06 
580 344.61 -6.13 1.69E-07 
 
GR030206 
Field/Temp Dec. Inc. Moment 
0 323.69 -53.06 3.83E-05 
5 319.6 -56 4.01E-05 
10 319.5 -54.26 3.80E-05 
15 318.29 -55.01 3.78E-05 
20 319.23 -55.53 3.78E-05 
80 319.63 -55.6 3.78E-05 
130 326.19 -55.76 3.79E-05 
260 322.14 -55.86 3.70E-05 
305 333.81 -55.58 3.57E-05 
350 321.54 -58.6 3.52E-05 
400 313.06 -57.06 2.80E-05 
450 319.94 -56.51 2.33E-05 
520 322.28 -57.57 1.76E-05 
550 317.56 -57.86 1.47E-05 
565 324.74 -58.2 1.24E-05 
580 326.17 -58.65 1.12E-05 
620 309.49 -61.57 6.47E-06 
635 190.32 -6.45 7.42E-07 
 197 
 
GR030301 
Field/Temp Dec. Inc. Moment 
0 314.9 80.64 8.46E-07 
5 295.41 -26.42 3.14E-07 
10 295.1 -33.84 2.46E-07 
15 272.18 -51.14 4.20E-07 
20 246.54 -56.11 5.55E-07 
80 247.82 -58.87 5.71E-07 
130 261.77 -61.59 5.71E-07 
260 256.32 -68.79 6.57E-07 
305 254.58 -82.68 2.82E-06 
350 283.86 -66.69 8.74E-07 
400 285.68 -60.78 8.45E-07 
450 280.18 -57.17 9.17E-07 
520 267.14 -55.52 7.29E-07 
550 248.6 -45.68 5.31E-07 
565 245.9 -80.36 2.51E-06 
580 254.96 -31.68 5.30E-07 
620 289.75 -51.47 3.19E-07 
635 268.67 -51.36 2.65E-07 
650 288.06 34.38 2.03E-07 
670 227.58 33.4 1.70E-07 
 
GR030302 
Field/Temp Dec. Inc. Moment 
0 272.06 66.67 4.59E-07 
5 257.47 50.14 2.84E-07 
10 241.8 -85.29 1.99E-06 
15 1.82 31.82 9.55E-08 
20 17.06 -20.36 2.06E-07 
80 24.6 -27.03 2.15E-07 
130 25.74 -33.71 2.27E-07 
260 21.39 -39.18 2.95E-07 
305 14.39 -44.93 2.96E-07 
350 346.99 -50.52 3.05E-07 
400 359.86 -41.17 2.72E-07 
450 313.9 -40.95 2.40E-07 
520 304.82 -28.51 2.22E-07 
550 314.3 -31.82 1.98E-07 
565 317.83 -84.87 2.19E-06 
580 299.58 -7.52 2.16E-07 
620 318.96 -20.92 2.54E-07 
635 336.7 9.46 1.31E-07 
650 336.2 -30.87 2.07E-07 
 198 
670 159.24 22.6 4.65E-08 
 
GR030401 
Field/Temp Dec. Inc. Moment 
0 221.47 -46.04 4.85E-05 
5 226.47 -43.04 4.57E-05 
10 218.09 -48.41 5.03E-05 
15 220.7 -48.51 5.03E-05 
20 221.47 -47.16 4.89E-05 
80 220.22 -47.36 4.89E-05 
130 220.82 -47.42 4.90E-05 
260 222.57 -47.84 4.68E-05 
305 224.82 -47.94 4.39E-05 
350 219.02 -48.15 3.84E-05 
400 220.95 -48.26 3.65E-05 
450 230.61 -48.63 3.16E-05 
520 216.81 -47.14 2.24E-05 
550 208.84 -48.21 1.92E-05 
565 222.81 -47.95 1.71E-05 
580 217.28 -48.52 1.31E-05 
620 218.81 -49.72 1.06E-05 
635 171.96 -42.93 7.41E-07 
650 192.38 -68.82 7.97E-07 
670 229.75 52.62 2.37E-07 
 
GR030403 
Field/Temp Dec. Inc. Moment 
0 214.83 -45.9 4.41E-05 
5 218.45 -47.39 4.47E-05 
10 212.34 -47.8 4.46E-05 
15 215.99 -45.88 4.29E-05 
20 217.29 -47.73 4.46E-05 
80 219.23 -48.13 4.45E-05 
130 218.43 -47.88 4.46E-05 
260 217.71 -48.01 4.24E-05 
305 222.5 -48.34 4.02E-05 
350 210.45 -48.34 3.69E-05 
400 223.26 -49.07 3.23E-05 
450 212.42 -49.76 2.87E-05 
520 221.33 -48.29 1.72E-05 
550 224.1 -48.22 1.59E-05 
565 216.27 -20.17 5.47E-06 
580 214.27 -49.12 7.85E-06 
620 226.14 -49.2 7.53E-06 
635 6.85 49.31 5.35E-07 
 199 
650 249.51 85.81 4.81E-07 
670 16.16 -42.31 2.24E-07 
 
GR030504 
Field/Temp Dec. Inc. Moment 
0 153.52 40.37 3.94E-06 
5 160.44 20.1 3.63E-06 
10 149.98 -19.57 3.20E-06 
15 159.38 -53.92 4.31E-06 
20 161.4 -51.48 4.13E-06 
80 159.81 -23.89 2.78E-06 
130 164.21 -25.9 2.83E-06 
260 163.79 -29.05 2.76E-06 
305 158.74 -26.89 2.71E-06 
350 162.24 -55.78 3.83E-06 
400 166.04 -23.55 2.05E-06 
450 163.54 -9.16 1.29E-06 
520 180.08 -5.01 1.04E-06 
550 173.52 0.65 7.95E-07 
565 170.86 19.49 7.15E-07 
580 166.24 32.16 6.33E-07 
620 160.33 -79.61 2.21E-06 
635 135.87 -11.41 4.63E-07 
650 162.39 27.34 4.39E-07 
670 210.04 71.1 2.89E-07 
 
GR030505 
Field/Temp Dec. Inc. Moment 
0 174.86 7.02 1.67E-06 
5 172.9 -41.6 2.25E-06 
10 178.51 -65.06 4.21E-06 
15 179.21 -39.79 2.69E-06 
20 182.46 -44.44 2.94E-06 
80 171.94 -44.38 2.93E-06 
130 173.36 -45.32 2.88E-06 
260 180.45 -45.6 2.78E-06 
305 180.78 -46.45 2.66E-06 
350 186.99 -39.41 2.47E-06 
400 188.63 -37.21 2.44E-06 
450 191.4 27.91 2.05E-06 
520 196.01 -32.85 1.61E-06 
550 186.04 -38.67 1.25E-06 
565 199.88 60.37 1.81E-06 
580 210.74 -27.18 1.03E-06 
620 190.45 -16.23 6.68E-07 
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635 278.71 86.32 2.76E-07 
650 115.84 71.13 3.71E-07 
670 203.23 -22.72 2.43E-07 
 
GR040101 
Field/Temp Dec. Inc. Moment 
0 323.89 73.38 9.31E-07 
5 312.22 85.06 2.84E-06 
10 322.15 70.61 6.44E-07 
15 319.14 -83.32 1.67E-06 
20 326.11 59.88 3.79E-07 
80 324.82 59.4 3.53E-07 
130 325.32 59.55 3.20E-07 
260 338.03 56.27 1.68E-07 
305 330.35 65.22 1.49E-07 
350 350.54 -87.1 2.04E-06 
400 343.26 43.32 7.88E-08 
450 329.07 9.92 1.20E-07 
520 359.98 40.79 7.74E-08 
550 349.39 33.04 3.71E-08 
565 33.49 21.12 4.37E-08 
580 348.83 46.23 1.74E-08 
620 332.62 -71.34 1.53E-08 
635 22.79 -54.16 3.79E-08 
650 311.01 -9.65 1.18E-07 
670 311.72 -74.06 9.10E-08 
 
GR040102 
Field/Temp Dec. Inc. Moment 
0 351.5 77.75 8.70E-07 
5 359.01 77.9 7.60E-07 
10 351.15 72.49 6.65E-07 
15 9.76 71.34 5.26E-07 
20 13.23 63.14 3.43E-07 
80 3.02 65.86 3.17E-07 
130 9.43 61.94 2.79E-07 
260 37.8 52.22 1.48E-07 
305 64.47 48.11 9.69E-08 
350 49.29 51.69 8.50E-08 
400 75.24 44.53 5.70E-08 
450 40.42 33.42 6.27E-08 
520 54.48 26.92 6.20E-08 
550 65.43 -26.56 1.52E-08 
 
GR040203 
 201 
Field/Temp Dec. Inc. Moment 
0 1.12 69.06 4.87E-07 
5 14.85 64.51 3.90E-07 
10 9.86 59.78 3.32E-07 
15 12.29 59.19 2.42E-07 
20 17.65 55.16 2.33E-07 
80 23.21 44.31 1.88E-07 
130 48.17 33.94 1.37E-07 
260 72.59 86.86 2.06E-06 
305 85.36 -3.05 1.60E-07 
350 91.85 85.59 2.16E-06 
400 93.28 20.92 2.11E-07 
450 108.88 -84.86 2.05E-06 
520 107.3 84.53 2.29E-06 
550 100.55 35.73 2.32E-07 
565 111.31 -84.39 1.96E-06 
580 119.64 34.46 2.26E-07 
620 65.5 -38.28 1.69E-07 
635 323.44 68.64 1.31E-07 
650 45.9 66.86 1.80E-07 
670 45.11 -24.22 1.30E-07 
 
GR040205 
Field/Temp Dec. Inc. Moment 
0 -311.02 67.17 3.00E-06 
5 315.09 -33.79 1.39E-06 
10 316.22 -77.6 5.20E-06 
15 323.45 -36.93 1.45E-06 
20 320.11 -37.64 1.50E-06 
80 317.24 -39.19 1.53E-06 
130 320.17 -42.18 1.55E-06 
260 320.42 -47.56 1.47E-06 
305 317.45 -49.51 1.35E-06 
350 318.3 -76.22 3.19E-06 
400 312.76 -52.09 1.11E-06 
450 312.65 -53.02 8.60E-07 
520 314.99 -63.23 3.86E-07 
550 175.1 -67.65 2.55E-07 
565 147.36 -54.05 2.41E-07 
580 139.45 -21.11 1.97E-07 
620 140.31 -36.64 2.39E-07 
635 165.76 4.3 2.71E-07 
650 221.65 -20.39 4.70E-07 
670 6.29 -76.36 2.62E-07 
 
 202 
GR040304 
Field/Temp Dec. Inc. Moment 
0 299.68 81.6 3.91E-07 
5 299.32 78.39 3.15E-07 
10 285.08 77.82 2.74E-07 
15 259.55 70.07 2.55E-07 
20 261.86 64.39 1.92E-07 
80 255.93 56.2 1.55E-07 
130 263.82 50.25 1.35E-07 
260 269.88 23.45 1.06E-07 
305 306.09 30.81 7.72E-08 
350 316.91 26.5 7.23E-08 
400 317.9 33.73 7.65E-08 
450 328.92 28.3 7.46E-08 
520 326.39 -2.65 6.34E-08 
550 286.62 -7.14 6.89E-08 
565 321.8 21.87 7.01E-08 
580 281.55 82.16 3.43E-08 
620 334.83 41.06 5.13E-08 
635 287.86 -3.97 7.21E-08 
650 45.68 3 3.10E-07 
670 26.55 -69.3 1.10E-07 
 
GR040306 
Field/Temp Dec. Inc. Moment 
0 28.96 74.03 5.62E-07 
5 18.41 69.66 4.52E-07 
10 26.11 69.85 3.81E-07 
15 18.72 -87.24 1.83E-06 
20 18.09 69.89 2.51E-07 
80 13.9 65.36 2.24E-07 
130 5.82 62.45 1.88E-07 
260 357.69 50.02 1.50E-07 
305 15.75 45.1 1.39E-07 
350 8.81 30.82 1.69E-07 
400 23.53 32.75 1.93E-07 
450 26.83 29.68 1.68E-07 
520 24.11 22.67 1.38E-07 
550 10.84 26.66 1.76E-07 
565 23.05 89.24 6.43E-06 
580 12.04 46.79 1.61E-07 
620 355.07 -19.31 1.03E-07 
635 31.87 66.11 9.30E-08 
650 260.98 27.98 3.47E-07 
670 323.67 -32.31 9.21E-08 
 203 
 
GR040402 
Field/Temp Dec. Inc. Moment 
0 144.95 -19.04 5.01E-06 
5 146.48 -33.53 5.45E-06 
10 147.56 -36.96 5.39E-06 
15 151.7 -40.17 5.46E-06 
20 148.25 7.74 4.19E-06 
80 146.17 -41.43 5.68E-06 
130 150.35 -42.66 5.63E-06 
260 151.25 -45.19 5.36E-06 
305 152.72 -45.63 5.05E-06 
350 149.43 -59.46 6.12E-06 
400 142.66 -11.76 2.56E-06 
450 148.33 -48.25 3.21E-06 
520 143.25 -50.56 1.47E-06 
550 145.85 -67.87 6.77E-07 
565 140.83 -53.53 5.58E-07 
580 158.37 -62.76 6.25E-07 
620 161.31 -71.71 5.72E-07 
635 159.35 -68.33 1.86E-07 
650 167.16 49.46 3.27E-07 
670 155.34 15.56 1.87E-07 
 
GR040404 
Field/Temp Dec. Inc. Moment 
0 79.31 67.74 5.17E-07 
5 66.33 58.87 3.68E-07 
10 59.53 46.7 3.48E-07 
15 44.26 44.71 3.67E-07 
20 45.17 -85.6 4.16E-06 
80 36.26 12.89 3.24E-07 
130 40.43 7.1 3.15E-07 
260 38.09 -10.77 3.31E-07 
305 44.84 -21.26 2.85E-07 
350 44.54 -11.19 2.71E-07 
400 39.41 -28.06 2.83E-07 
450 50.35 -37.67 2.89E-07 
520 29.41 -33.37 1.89E-07 
550 14.48 -34.9 2.30E-07 
565 16.21 84.4 2.11E-06 
580 24.68 -20.53 1.81E-07 
620 30.96 -1.33 2.29E-07 
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GR040501 
Field/Temp Dec. Inc. Moment 
0 266.96 69.85 4.70E-07 
5 342.55 -33.93 1.01E-07 
10 4.76 -46.14 2.15E-07 
15 351.13 -31.32 3.07E-07 
20 355.98 -62.51 3.14E-07 
80 8.89 -66.17 3.69E-07 
130 7.72 -66.46 4.10E-07 
260 27.31 -70.65 5.05E-07 
305 35.22 -74.54 5.69E-07 
350 52.04 -72.73 5.75E-07 
400 54.7 -72.96 6.29E-07 
450 54.14 -73.2 6.07E-07 
520 48.66 -62.84 5.99E-07 
550 43.74 -50.63 5.43E-07 
565 45.74 -47.76 5.46E-07 
580 47.64 -49.12 5.76E-07 
620 13.06 -47.66 3.45E-07 
635 48 -44.24 3.42E-07 
650 282.28 -36.69 2.21E-07 
 
GR040503 
Field/Temp Dec. Inc. Moment 
0 48.8 71.71 1.07E-06 
5 62.74 59.14 7.18E-07 
10 74.04 51.42 7.29E-07 
15 51.65 59.71 7.28E-07 
20 56.72 81.72 2.18E-06 
80 63.26 -3.7 3.00E-07 
130 63.66 -14 2.91E-07 
260 61.58 -24.48 3.72E-07 
305 75.27 -21.92 3.77E-07 
350 53.01 81.55 2.10E-06 
400 56.49 -24.12 3.72E-07 
450 56.12 -14.41 3.63E-07 
520 89.96 -5.28 3.43E-07 
550 97 15.85 3.25E-07 
565 121.22 -1.7 4.79E-07 
580 95.41 16.3 3.28E-07 
 205 
620 101.86 13.1 2.56E-07 
635 125.96 -36.17 2.50E-07 
650 177.3 -69.48 3.26E-07 
670 244.28 -76.59 1.95E-07 
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